In the Claims: 



Kindly amend the claims as follows: 
1 - 6. (Canceled) 

7. (Previously presented) The process of claim 28, flirther comprising introducing 
catalyst additives to the electrolyte and thereby contributing to kinetics of the mediated 
electrochemical processes while keeping the additives from becoming direcdy involved in the 
oxidizing Sharps I and sterilizing Sharps II and biological and organic waste materials. 

8. (Canceled) 

9. (Previously presented) The process of claim 28, wherein the oxidizing species are 
identified in Table I, and wherein each of the species has normal valence states and higher 
valence oxidizing states and further comprising creating the higher valence oxidizing states of 
the oxidizing species by stripping electrons from normal valence state species in the 
electrochemical cell. 

10. (Canceled) 

1 1 . (Previously presented) The process of claim 28, further comprising using an 
alkaline solution, aiding decomposing of the biological and organic materials derived from base 
promoted ester hydrolysis, saponification, of fatty acids, and forming water soluble alkali metal 
salts of the fatty acids and glycerin in a process similar to the production of soap from animal fat 
by introducing it into a hot aqueous lye solution. 

12. (Previously presented) The process of claim 28, further comprising using an 
alkaline anolyte solution for absorbing CO2 from the oxidizing Sharps I and sterilizing Sharps II 
and biological and organic waste materials and forming bicarbonate/carbonate solutions, which 
subsequently circulate through the electrochemical cell, producing percarbonate oxidizers. 

13-14. (Canceled) 

15. (Previously presented) The process of claim 95, further comprising impressing ah 
AC voltage upon the direct current voltage for retarding formation of cell performance limiting 
surface films on the electrode. 

16. (Canceled) 

1 7. (Previously presented) The process of claim 95, wherein the catholyte contains 
HNO3 or NO3' salts, and further comprising adding oxygen to the catholyte portion. 
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18. (Canceled) 

1 9. (Previously presented) The process of claim 28, further comprising adjusting 
temperature between 0**C and temperature of the anolyte portion before it enters the 
electrochemical cell for enhancing generation of oxidized forms of the mediator, and adjusting 
the temperature between O^C and below the boiling temperature of the anolyte portion entering 
the anolyte reaction chamber affecting desired chemical reactions at desired rates. 

20. (Previously presented) The process of claim 28, further comprising introducing an 
ultrasonic energy into the anolyte portion, rupturing material structures by momentarily raising 
local temperature within the material structures with the ultrasonic energy to above several 
thousand degrees, and causing material structure failure. 

2 1 . (Previously presented) The process of claim 96, further comprising feeding.the 
evolving oxygen from the anode to a hydrogen fuel apparatus to increase the percentage oxygen 
available from the ambient air. 

22. (Previously presented) The process of claim 28, further comprising introducing 
ultraviolet energy into the anolyte portion and decomposing hydrogen peroxide and ozone into 
hydroxyl free radicals therein, thereby increasing efficiency of the process by converting 
products of electron consuming parasitic reactions, ozone and hydrogen peroxide, into viable 
free radical secondary oxidizers without consumption of additional electrons. 

23. (Previously presented) The process of claim 28, further comprising adding a 
surfactant to the anolyte portion for promoting dispersion of the materials or intermediate stage 
reaction products within the aqueous solution when the materials or reaction products are not 
water-soluble and tend to form immiscible layers. 

24. (Previously presented) The process of claim 28, further comprising attacking 
specific organic molecules with the oxidizing species while operating at low temperatures and 
preventing formation of dioxins and furans. 

25. (Previously presented) The process of claim 28, further comprising breaking 
down the biological and organic materials on Sharps I and II into biological and organic 
compounds and attacking these compounds using as the mediator simple and/or complex anion 
redox couple mediators or inorganic free radicals and generating organic free radicals. 
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26. (Previously presented) The process of claim 28, wherein the treating and 
oxidizing Sharps I and sterilizing Sharps II and biological and oi^anic waste materials comprises 
treating and oxidizing Sharps I and sterilizing Sharps II and biological waste materials. 

27. (Previously presented) The process of claim 28, further comprising raising normal 
valence state mediator anions to a higher valence state by stripping the mediator anions of 
electrons in the electrochemical cell, wherein oxidized forms of weaker redox couples present in 
the mediator are produced by similar anodic oxidation or reaction with oxidized forms of 
stronger redox couples present and the oxidized species of the redox couples oxidize molecules 
of the materials and are themselves converted to their reduced form, whereupon they are 
oxidized by the aforementioned mechanisms and the redox cycle continues. 

28. (Currently amended) A process for treating and oxidizing Sharps I into ions in 
solution in the anolyte and sterilizing Sharps n and destroying biological and organic waste 
materials, comprising circulating ions.of mediator oxidizing species in an electrolyte through an 
electrochemical cell and affecting anodic oxidation of reduced forms of reversible redox couples 
into oxidized forms, contacting the ions with the biological and organic waste in an anolyte 
portion of the electrolyte in a primary oxidation process, involving super oxidizer anions, having 
an oxidation potential above a threshold value of 1.7 volts at 1 molar, 25X and pHl wherein 
when said superoxidizers a re present there is a free radical oxidizer driven secondary oxidation 

' process, adding energy from an energy source to the anolyte portion and augmenting the 
secondary oxidation processes, breaking down hydrogen peroxide in the anolyte portion into 
hydroxyl free radicals, and increasing an oxidizing effect of the secondary oxidation processes. 

29. (Original) The process of claim 28, wherein the adding energy comprises 
irradiating the anolyte portion with ultraviolet energy. 

30. (Previously presented) The process of claim 28, wherein the adding energy 
comprises introducing an ultrasonic energy source into the anolyte portion, irradiating material 
structures, momentarily raising local temperature within the material structures, causing material 
structures failure, and creating greater exposure of material structures to oxidizing species in the 
anolyte portion. 

3 1 . (Previously presented) The process of claim 28, wherein the mediator oxidizing 
species are selected from the group consisting of (a.) simple anions redox couple mediators 
described in Table I; (b.) Type I isopolyanions formed by Mo, W, V, Nb, Ta, or mixtures 
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thereof; (c.) Type I heteropolyanions formed by incorporation into the isopolyanions if any of the 
elements listed in Table II (heteroatoms) either singly or in thereof, or (d.) heteropolyanions 
containing at least one heteroatom type element contained in both Table I and Table II or 
combinations of the mediator oxidizing species from any or all of (a.), (b ), (c.) and (d.). 



Table I: Simple Ion Redox Couples 



GROUP 


SUB 
GROUP 


ELEMEm' 

*■ 


VALENCE 


•SPECIESf^Jv'-'-: '\''<n-:^l$m 


SPECmC REDOX 
COUPLES 


1 


A 


None 








B 


Copper (Cu) 


+2 


Cu*(cupric) 

HCu02(bicuprite) 
CuOv^ (cuprite) 


+2 Species/ +3, -H4 
Species; 

+3 Species/ +4 Species 


+3 


CU2O3 (sesQuioxide) 


+4 


CuOj (peroxide) 


Silver (Ag) 


-fl 


AgO' (argentite) 


+1 Species/ +2, +3 
+2 Species/ +3 Species 


+2 


AeO (argentic o\ide^ 


+3 


AcO^ farsGntvn 
Ae^Oi (sesciuioxide) 


Gold (Au) 


+1. 


Au" (aurous) 


+1 Species/ +3, +4 
Species; 

+ 3 Species/ +4 Species 


+3 


Au^^ (auric) 
AuO" (autyl) 
H3AUO3" (auric acid) 
H2 AUO3' (monoauarale) 
HAu03*^(diauratc) 
AuOj'^ (triaurate) 
AU2O3 (auric oxide) 
Au(0H)3 (auric Itydroxide) 


+4 


AuGs (peroxide) " 


n 


A 


Magnesium 
(Mg) 


+2 


Mg^* (magnesic) 


+2 Species/ +4 Species 


+4 


Mg02 (peroxide) 


Calcium 
(Ca) 


+2 


Ca*^ 


+2 Species/ +4 Species 


+4 


.Ca02 (peroxide) 


Strontium 


+2 




+2 Species/ +4 Species 


+4 


SrO-^ (peroxide) 


Barium (Ba) 


+2 
+4 


Ba"^ 

Ba02 (peioxide) 


+2 Species/ +4 Species 



6 







PI PN/TPNT 


VAT PKirP 


cpppTpq 


REDOX 

COUPLES 


II 


B 


Zinc (Zn) 


+2 


ZtC^ (zincic) 

HZn02Xbi7incale) 
ZnO-'" (zincate) 


+2 Species/ 
+4 Species 








+4 


Zn02 (peroxide) 








Mercury 
(Hg) 


+2 


Hg^^ (mercuric) 

Hg (0H)2 (mercuric 
hydroxide) 
HHg02' (mercuraie) 


+2 Species/ 
+4 Species 








+4 


Hg02 (peroxide) 




III 


A 


Boton 


+3 


H3BO3 (orthoboric acid) 
H2BO3', HBO3 BO3 ' 

\\J lUlO DO la l(^S ) 

BO2' (metaborate) 
H2B4O7 (tetraboric acid) 

n 04^-^7 /^J4\J^ 

(tetraborates) 
B20/*(diborate) 
BfiOio"^ (hexaborate) 


+3 Species/ 

+4.5, +5 

Species 








+4.5 


B2O5* (diborate) 










+5 


BOaVBOf'H^O 

VP^ruOlalC } 








1 lUilUuIII 

(Tl) 


« I 




^1 opecics/ 
+3 or +3.33 
Species; 








+3 


Tr(thallic) 

T10\ TIOH^^Tl(OH)^* 
(tliallyl) 

TI2O3 (sesquioxide) 
T1(0H)3 (hydroxide) 


+3 Species/ 
+3.33 Species 








+3.33 


TI3O5 (peroxide) 






B 


See Rare 
Eartlis and 
Actiiiides 
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GROUP 


SUB 


ELEMENT 


VALENCE 


SPECIES 


SPECIFIC 

x>v:T\r\v 
KtUUA 

COUPLES 


IV 


A 


Carbon (C) 


+4 


H2CO3 (caibonic acid) 

HCO3' (bicaibonate) 

003'^ (caiiwnate) 


+4 Species/ 
+5, +6 Species 








+5 


HaC^Oti (perdicaibonic acid) 










+6 


H2CO4 (permonocaiboiuc acid) 








Genua nium 
(Ge) 


+4 


H2Ge03 (germanic acid) 

HGeOa' (bigennaniate) 
GeOj*^ (germinate) 
Ge^"* (gennanic) 
Gear' 

H2Ge20s (digermanic acid) 
H2Ge409 (tetragermanic acid) 
HsGcsOii (pentagermanic acid) 
HGe50ir (bipeniagemianaie) 


+4 Species/ 
+6 Species 








+6 


GesOii*^ (pentagentianate) 








Tin (Sn) 


+4 


Sn"*^ (stannic) 

HSnOa" (bistannale) 
Sn03*^ (stannate) 
SnOa (stannic oxide) 
Sn(OH)4 (stannic hydroxide) 


+4 Species/ 
+7 Species 








+7 


Sn04 (perstannate) 








LeadCPb) 


+2 


Pb^^ (plumbous) 
HPb02*(biplunibite) 


+2, +2.67, +3 

Species/+4 

Species 










PbOH^ 












PbO-j'^ CDlumbite'^ 












PhO ^nliiniHiK ovide^ 












ruy\J4 ^piuiiiuu'i/iuiiiuidi^ uaiuv/ 










+3 


Pb203 (sequioxidc) 




IV 


A 


Lead (Pb) 


+4 


Pb"^' (plumbic) 


+2, +2.67, +3 

Species/+4 

Species 










PbOs' (nietaplumbate) 












HPb03' (acid metapliimbate) 












PbO^"^ (orthoplumbate) 












PbOa (dioxide) 
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GROUP 


SUB 


ELEhdENT 


VALENCE 


SPECIES : 


SPECIFIC 

t\JLL/\JJ\. 

COUPLES 


IV 


B 


Titanium 


+4 


TiO"' (peititan)'!) 

HTiO/ titanate) 

Ti02 (dioxide) 


+4 Species/ 
+6 Species 










Ti02"^^ (pertilan>i) 
HTiOV (acid pertilanate) 
Ti04*" (peititanate) 
Tiba (peroxide) 








Zircoitium 
(Zr) 


+4 


Zr^^ (zirconic) 

ZiO^~ (zirconyl) 
HZ1O3' (zirconate) 


+4 Species/ +5, 
-H6j +7 Species 








+5 


^^r^O^ (pcntoxide) 










+6 


Z1O3 (pcroNtde) 










+7 


Zr207 (heptoxide) 








Hafnium 
(Hf) 


+4 


Hf ^ (Iiafnic) 
HfD^^ (Iiafnyl) 


+4 Species/ 
+6 Species 








+6 


Hf03 (peroxide) 




V 


A 


Nitrogen 


+5 


HNO3 (nitric acid) 
NO3' (nitrate) 


+5 species/ 
+7 Species 








+ / 


nrNV/4 i^pemiuic acia; 








PIX)SphOFUS 

(P) 


+5 


H3P04(ortho|Aosphoric acid) 

H2PO4' (inonoortliophospliate) 

HP04'^ (diorlhophospliate) 
P04^ (triorthophospliale) 
HPO3 (metapliosphoric acid) 

H4P2O7 (piyophosphoric acid) 
HsPjOio (triphosphoric acid) 
H6P4O13 (tetraphosphoric acid) 


+5 Species/ 
+6, +7 species 


V 


A 


PlK)sphonis 
(P) 


+6 
+7 


H4P2O8 (perphosplioric acid) 
H3PO5 (monopeiphosphoric acid) 


+5 Species/ 
+6, +7 Species 



GROUP 


SUB 
GROUP 


ELEMENT 


VALENCE 


SPECIES s 


SPECIFIC 

REDOX 

COUPLES 


V 


A 


Arsenic (As) 


+5 


H3ASO4 (orUio-arscnic acid) 

H2ASO4" (mono ortho-arsenate) 
HAsO/" (di-ortlvo-arsenate) 
As04'^ (tri-onho*aisenate) 
As02^ (arseityl) 


+5 Species/ 
+7 species 








+7 


AsOs^ (perarsenyl) 








Bismutli 
(Bi) 


+3 


Bi^^ (bismuthous) 

BiOH^- (liydroxybismuthous) 
BiO^ (bismuthyl) 
BiOV (metabismuthite) 


+3 Species/ 
+3.5, +4, +5 
Species 








+3,5 


Bi407 (oxide) 










+4 


Bi204 (tetroxide) 










+5 


BiOi (metabismuthite) 
Bi205 (penloxide) 






B 


Vanadium 
(V) 


+5 


V02^ (vanadic) 

H3V2O7' (pyrovanadate) 
H2VO4 (orthovanadaie) 
VO3" (metavanadate) 
HVCr^ (orthovanadate) 
VO^'^ (orthovanadaie) 
V2O5 (pentoxide) 
K4V2O7 (pyrovanadic acid) 
HVO3 (metavanadic acid) 
H4V6O17 (hcxavanadic acid) 


+5 Species/ 
+7, +9 Species 








+7 


VO4* (pen^anadate) 










+9 


VO5* (hypervaiiadale) 
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GROUP 


SUB 
GROUP 


ELEMENT 


VALENCE 


SPECiESr; : 


SPECfflC 

REDOX 

COUPLES 


V 


B 


Niobium 
(Nb) 


+5 


NbO^' (inetaniobate) 

NbO/i'^ (orthoniobatc) 
Nb^Os (pentoxide) 
HNbOs (niobid acid) 


+5 Species/ +7 
species 








+7 


Nb04* (pemiobate) 
Nb-O? (pemiobic oxide) 
HNb04 (perniobic acid) 








Tantaluni 
(Ta) 


+5 


Ta04"^ (orthotanatalate) 
TaaOs (pentoxide) 
HTaOa (tantalic acid) 


species 








+7 


TaO/ (pentantalate) 
Ta207 (pertantalatc) 
HTaO^'HaO (pcitanlalic acid) 




VI 


A 


Sulfiu-(S) 


+6 


H2SO4 (sulfuric acid) 

HSO4* (bisulfate) 
S04'^ (sulfate) 


+6 Species/ +7, 
+8 Species 








+7 


8208'^ (dipcrsulfatc) 










+8 


H2SO5 (momopersulfuric acid) 








(Se) 




tT2oe^L/4 (seieiuc aciuj 

HSe04" (biselenatc) 

Se04'^ (selenatc) 


+6 species/ +7 
Species 








+7 


H2Se208 (perdiselenic acid) 








Tellurium 
(Te) 


-HS 


H2Te04 (telluric acid) 

RTcOa (bitellurate) 
TeO/^ (tellurale) 


+6 species/ +7 
species 








+7 


H2Te20g (perditellenic acid) 








Polonium 
(Po) 


+2 


Po^" (polonous) 


+2, +4 species/ 
+6 Species 








+4 


PoOb'^ (polonate) 








+6 


P0O3 (peroxide) 
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GROUP 


SUB 
GROUP 


ELEMENT 


VALENCE 


SPECIES 


SPECIFIC 

REDOX 

COUPLES 


VI 


B 


Cluoniium 


+3 


Ct"^ (cliroinic) 

CiOH^% CrCOH):^ (chiomyls) 

C1O2", CiOa"^ (cluomiles) 
Cr203 (cliroinic oxide) 
ur^un^3 ^cnroiuic iTyuroxiae) 


+3 Species/ 
+4, +6 Species; 
+4 Species/ 
+6 Species 


+4 


C1O2 (dioxide) 
Cr(0H)4 (hydroxide) 


+6 


H2C1O4 (cluomic acid) 
HCr04* (acid cliromale) 
Ct04'^ (chromate) 
Cr207^^ (dicliroinale) 


Molybdenum 
(Mo) 


+6 


HM0O4' (bimolybhate) 

MoO^*^ (molydbate) 
M0O3 (molybdic trioxide) 
H2M0O4 (inolybolic acid) 


-H> Species/ 
+7 Species 


+7 


M0O4' (perraolybdate) 


Tungsten 
(W) 




WO4'- tungstic) 

WO3 (trioxide) 
H2WO4 (lungstic acid) 


+6 Species/ 
+8 Species 


+8 


WO5'' (pertungstic) 
H2WO5 (pertungstic acid) 


Vll 


A 


Chlorine (CI) 


-1 


Cr (chloride) 


-I Species/ +1, 
+3, +5, +7 
Species 


+1 


HCIO (liypoclilorous acid) 
CIO* (hypochlorite) 


+1 Species/ +3, 
+5, +7 Species; 
+3 Species/ 
+5, +7 Species; 
+5 Species/ 
opecies 


+3 


HCIO2 (chlorous acid) 
CIO2' (clilorite) 


+5 


HCIO3 (chloric acid) 
CIO3" (cliloraic) 


+7 


HCIO4 (percliloric acid) 
C104', HCIO/% CIO5 \ Cl20o-^ 
(pcrclilorates) 
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GROUP 


SUB 
GROU 

p 


ELEMENT 


VALENCE 


SPECIES 


SPECIFIC 

REDOX 

COUPLES 


vn 


A 


Bromii^ (Br) 


-1 


Bf (biomide) 


-1 Species/+1, 

+3, +5, +7 
Species; 








+1 


HBiO (hypobromous acid) 
RrO" nivnohmmitee^ 


+1 Species/+3, 
+5, +7 Species; 
+3 Soecies/ +5 
+7 Species; 








+3 


HBrO: (bronious acid) 
Bi02' (bromite) 


+5 Species/ +7 
Species 








+5 


HB1O3 (bromic acid) 
B1O3' (broinate) 










+7 


HBrO^ (perbromic acid) 
BxOa, HB1O5'-, B1O5 ^ BrjOs'^ 
(prebroniales) 


• 






Iodine 


-1 


r (iodide) 


-1 Species/+I, 
+3, +5, +7 
Species; 








+1 


HIO (hypoiodus acid) 
10" (hypoiodite) 


+1 Species/+3, 
+5, +7 Species; 
+3 Species/ +5, 
+7 Species; 








+3 


HIO2 (iodous acid) 
IO2' (iodile) 


+5 Species/ +7 
Species 










rilKJi ^OQIC aClO} 

IO3' (iodatc) 










+7 


HIO4 (periodic acid) 
10,-, mO,'AOs'\ 1:09"' 
(periodates) 






B 


Manganese 
(Mn) 


+2 


Mn*^ (manganeous) 
HM11O2' (diinangatiite) 


+2 Species/ +3, 
+4, +6, +7 
Species; 
+3 Species/ +4. 
+6» +7 Species; 








+3 


Mn^"* (manganic) 


+4 Species/ +6, 
+7 Species; 








+4 


Mn02 (dioxide) 


+6 Species/ +7 
Species 








+6 


MnO/" (manganate) 








+7 


MnO^' (permanganate) 
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Period 4 



lion (Fe) 



VIII 



Period 4 



Iron (Fe) 



Cobalt (Co) 



Nickel (Ni) 



+3 



+4 



+5 



+6 



+2 



+3 



+4 



+2 



+3 



+4 



Fe^" (fenous) 
HFeOa (dihypofenite) 



Fe"^^ (ferric) 
Fe(OH)^- 
Fe(OH)n* 
Fe02'^(ferrite) 



FeO^- (feiT>i) 
FeO:"^ (peiferriie) 



FeO/ (peifenyl) 



FeO^'^ (ferrate) 



Co " (cobalous) 
HCoO:" (dicoballite) 



Co^ (cobaltic) 
C02O3 (cobaltic oxide) 



C0O2 (peroxide) 
H2C0O3 (cobaltic acid) 



Ni " (nickelous) 
NiOlT 

HNiOs' (dinickelitc) 
NiO:'- (nickelite) 



Ni"^^ (nickelic) 
NiiOs (nickelic oxide) 



NiO: (pero?dde) 



NiO^** (nickelale) 



+2 Species/+3, 
+4, +5, +6 
Species; 



+3 Species/+4, 
+5, +6 Species; 



+4 Species/ 
+5, +6 Species; 
+5 Species/ 
+6 Species 



+2 Species/ 
+3, +4 Species; 
+3 Species/ 
+4 Species 



+2 Species/ +3, 
+4, +6 Species; 
+3 Species/ 
+4, +6 Species; 
+4 Species/ 
+6 Species 



14 



GROUP 


SUB 
GROUP 


ELEMENT 


VALENCE 


SPECIES 


SPECIFIC 

REDOX 

COUPLES 


vni 


Period 5 


Ruthenium 


+2 




+2 Species/ +3, 
+4, +5, +6, +7, 
+8 Species; 








+3 


Km*' 

Ru203 (sesquioxide) 
Ru(0H)3 (tQ^dro.vide) 


+3 Species/ +4. 
+5, 46, +7, +8 
Species; 
+4 Species/ 
+5, +6, +7, +8 
Species; 
+5 Species/ 46, 
4-7, 4-8 Species; 








+4 


Rii'*^ fnilhenic) 

RnQi (ruthenic dioxide) 

Ru(0H)4 (rutlienic hydroxide) 


+7, +8 Species; 
+7 Species/ 
+8 Species 








+5 


RU2O5 (pentoxide) 










46 


RuO/^ (nithenate) 
Ru02^^ (ruthen>'l) 
RUO3 (trioxide) 










T/ 


KUU4 iperruinenaie) 










+8 


H2RUO4 (hyperuthenic acid) 
HRuOs' (diperruthenate) 
RUO4 (nithcnium telroxide) 








Rhodium 
(Rh) 


+1 


Rlf (hyporhodous) 


4-1 Species/+2, 
+3, 4-4, 46 
Species; 








+2 


Rlf- (rhodous) 


+2 Species/ +3, 








+3 


Rlf ' (rhodic) 
RhiOj (sesquioxide) 


4-3 Species/ 4-4, 
46 Species; 
4-4 Species/ +6 








+4 


RhO: (rhodic oxide) 
Rh(OH)^ (hydroxide) 








+6 


RI1O4"- (rhodale) 
RI1O3 (trioxide) 








Palladium 


+2 


Pd (palladous) 
Pd02"-(palladite) 


+2 Species/ +3, 
4-4 46 Soccies' 
+3 Species/ 
+4, 46 Species; 








+3 


PdoOa (sesquioxide) 


+4 Species/ 
16 Species 








+4 


Pd 03"^ (palladate) 
Pd02 (dioxide) 
Pd(0H)4 (hydroxide) 








+6 


PdOj (peroxide) 
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GROUP 


SUB 

GRO 

xJISXJ 

up 


ELEMENT 


VALENCE 


SPECIES 


SPECIFIC 

REDOX 

COUPLES 


VllI 


Period 6 


Iridium (\fi 


+3 


Ir^^ (iridic) 

IfoO-* (^iridium scsauioxide'^ 
If (0H)3 (iridium hydroxide) 


+3 Soecies/ 
+4, +6 Species; 
+4 Soccics/ 
+6 Species 








+4 


Ir02 (iridic oxide) 

Ir (0H)4 (iridic hydroxide) 










+6 


IxOa' (iridale) 

I1O3 (iridium peroxide) 








Platinum 
(Pt) 


+2 


Pt'^-Cplatinous) 


+2, +3 Species/ 
+4, 4^ Species; 








+3 


PI2O3 (sesquioxide) 


+4 Species/ 
+6 Species 








+4 


PtO^"^ (oaJatinate) 

PlO^^(platin>'l) 

Pt(OH)^^ 

Pt02 (plalonic oxide) 




IIIB 


Rare 
earths 


Cerium (Ce) 


+3 


Ce^^ (cerous) 
Ce203 (cerous oxide) 
Ce(0H)3 (cerous hydroxide) 


+3 Species/ 
+4 J +6 Species; 
+4 Species/ 
+6 Species 








+4 


Ce"", Ce(OH)"^ Cc(OH)2"% 
Ce(0H)3^ (eerie) 
Ce02 (eerie oxide) 










+6 


CeOa (peroxide) 








Praseodymiu 


+3 


Pr^^ (praseodymous) 


+3 species/ +4 






m(Pr) 




PT2O3 (sesquioxide) 
Pr(0H)3 (tydroxide) 


species 








+4 


Pr^ (praseodymic) 
PK)2 (dioxide) 








Neod>'mium 


+3 


Nd*' 

Nd203 (sesquioxide) 


+3 Species/ +4 
Species 








+4 


Nd02 (peroxide) 








Terbium (Tb) 


+3 


Tb"^ 

Tb203 (sesquioxide) 


+3 Species/ +4 
Species 








+4 


TbOj (peroxide) 
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niB 


Actinid 
es 


Thorium (Th) 


+4 


Tir(thoric) 

ThO'^^(lhoryl) 
HTliOr (thorate) 


+4 Species/ +6 
Species 










TI1O3 (acid peroxide) 








Uranium (U) 


+6 


UO:^" (uranyl) 
UO3 (uianic oxide) 


-K) Species/ +8 
Species 








+8 


HUOs", UO5*' (peruranates) 
UO4 (peroxide) 








Neptunium 
(Np) 


+5 


NpOa (hyponeptunyi) 
NP2O5 (pentoxidc) 


+5 Species/ +6, 
+8 Species; 
+6 Species/ +8 
Species 








+0 


NpO: (neptunyl) 
Np03 (Uioxide) 










NpU4 (peroxide) 








Plutonium 


+3 


Pu (hypoplutonous) 


+3 Species/ +4, 








+4 


Pu^ (plutonous) 
PUO2 (dioxide) 


+4 Species/ +5, 

+5 Species/ +6 
Species 








+5 


Pu02^ (hypoplutonyl) 
PU2O5 (pentoxidc) 










+6 


PUO2 (plutonyl) 
PUO3 (peroxide) 








Americium 
(Am) 


+3 


Am^^ (hypoaineiicious) 


+3 Species/ +4, 
+5, +6 Species: 








+4 


Ani^ (americous) 
Am02 (dioxide) 
Am(0H)4 (hydroxide) 


+4 Species/ +5, 
-^-6 Species; 
+5 Species/ -HS 
Species 








+5 


AmOa* (hypoameriqi) 
Ain205 (pentoxide) 










+6 


Am02^^ (americ>'l) 
Am03 (peroxide) 
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Table II: Elements Participating as Heteroatoms in Heteropolyanion Complex Anion Redox 
Couple Mediators 



GROUP 


SUB 
GROUP 


ELEMENT 1 


1 


A 

A 


Lithium (Li), Sodium (Na), Potassium (K), and Cesium (Cs) 


o 

D 


Copper (Cu)j Silver (Ag), and Gold (Au) 


11 


A 


DdyUlUm ^DC^. rvidj^IlCblUIIi V^lVl^^. \^<llvlllltl |^^a^,« OUl/IlUUIIl \Ol)f alUl DoTIUIiI V^d^ 


D 
D 


Zmc (^n)^ Caoimum (La), and Mercui>' (ng) 


ill 


A 
A 


Boron (B), and Aluininuni (Al) 


b 


Scandmm (Sc), and Ytlnum (Y) - (See Rare bartns) 


TV 
I V 


A 


L^aiuon ouicon oermamum v^jef, i m v^ny ana i^eaa yyo) 


R 


Titanhim /'Xi'^ 7ifY^Annim f7r\ ianH Hafnium 


V 


A 


Nitrogen (N), Phosphorous (P), Arsenic (As), Antimony (Sb), and Bismuth (Bi) 


B 


Vanadium (V), Niobium (Nb), and Tantalum (Ta) 


VI 


A 


Sulfur (S), Selenium (Se), and Tellurium (Te) 


B 


Chromium (Cr), Molybdenum (Mo), and Tungsten (W) 


VII 


A 


Fluorine (F), Clilorinc (CI), Broimne (Br), and Iodine (I) 


B 


Manganese (Mn), Technetium (Tc), and Rlienium (Re) 


VIII 


Period 4 


Iron (Fe), Cobalt (Co), and Nickel (Ni) 


Period S 


Ruthenium (Ru), Rhodium (Rli), and Palladium (Pd) 


Period 6 


Osmium (Os), Indium (Ir), and Platinum (Pt) 


IIIB 


Rare Earths 


All 



32. (Previously presented) The process of claim 28, further comprising using oxidizer 

species that are found in situ in the waste to be decomposed, by circulating the waste-anolyte 

» 

mixture through the electrochemical cell where in an oxidized form of an in situ reversible redox 
couple is formed by anodic oxidizing or reacting with an oxidized form of a more powerful 
redox couple added to the anolyte and anodically oxidized in the electrochemical cell, thereby 
destroying the biological and organic waste materials, oxidizing Sharps I into metallic ions in 
solution in the anolyte and sterilizing Sharps IT. 

33. (Original) The process of claim 28, further comprising using an alkaline 
electrolyte selected from a group consisting of NaOH or KOH and combinations thereof, with 
the mediator oxidizing species, wherein a reduced form of a mediator redox couple has sufficient 
solubility in said electrolyte for allowing desired oxidation of Sharps I and sterilizing Sharps II 
and destroying biological and organic waste materials. 



18 



34. (Original) The process of claim 28, wherein the oxidation potential of redox 
reactions of the mediator oxidizing species and the biological and organic waste molecules 
producing hydrogen ions are inversely proportional to electrolyte pH, and thus with a selection 
of a mediator redox couple increasing the electrolyte pH reduces the electric potential required, 
thereby reducing electric power consumed per unit mass of the biological and organic waste 
destroyed. 

35. (Previously presented) The process of claim 28, wherein the electrolyte is an 
aqueous solution chosen from acids, alkalines, neutral, acid and neutral, and alkaline and neutral 
electrolytes. 

36. (Original) The process of claim 28, wherein the adding energy comprises using 
ultrasonic energy and inducing microscopic bubble expansion and implosion for reducing size of 
waste volumes dispersed in the anolyte. 

37. (Original) The process of claim 28, further comprising interchanging the mediator 
oxidizing species without changing equipment, and wherein the electrolyte is an acid, neutral or 
alkaline aqueous solution. 

38. (Previously presented) The process of claim 28, wherein the treating and 
oxidizing Sharps 1 into ions in solution in the anolyte and sterilizing Sharps II and destroying 
biological and organic waste materials comprises treating and oxidizing waste from military 
ships, submarines, destroyers, cruisers and carriers. 

39. (Previously presented) The process of claim 28, wherein the treating and 
oxidizing Sharps I into ions in solution in the anolyte and sterilizing Sharps II and destroying 
biological and organic waste materials comprises treating and oxidizing waste from commercial 
ships, cruise ships, tankers, cargo ships, fishing boats, recreational craft and houseboats. 

40. (Original) The process of claim 28, further comprising separating the anolyte 
portion and a catholyte portion of the electrolyte with a hydrogen or hydronium ion-permeable 
membrane, microporous polymer, porous ceramic or glass frit membrane. 

41 . (Original) The process of claim 28, further comprising electrically energizing the 
electrochemical cell at a potential level sufficient for forming the oxidized forms of redox 
couples having highest oxidizing potential in the anolyte, introducing the organic waste into the 
anolyte portion, forming reduced forms of one or more reversible redox couples by contacting 
with oxidizable molecules, the reaction with which oxidizes the oxidizable material with the 
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concomitant reduction of the oxidized form of the reversible redox couples to their reduced form, 
and wherein the adding energy comprises providing an ultrasonic source connected to the 
anolyte for augmenting secondary oxidation processes by momentarily heating the hydrogen 
peroxide in the electrolyte to 4800T at 1000 atmospheres thereby dissociating the hydrogen 
peroxide into hydroxyl free radicals thus increasing the oxidizing processes. 

42. (Previously presented) The process of claim 41, further comprising oxidation 
potentials of redox reactions producing hydrogen ions are inversely related to pH. 

43. (Original) The process of claim 28, wherein the process is performed at a 
temperature from slightly above O^C to slightly below the boiling point of the electrolyte. 

44. (Original) The process of claim 43, wherein the temperature at which the process 
is performed is varied. 

45. (Previously presented) The process of claim 28, wherein the treating and Sharps I 
into ions in solution in the anolyte and sterilizing Sharps 11 and destroying biological and organic 
waste materials comprises treating and oxidizing solid waste. 

46. (Previously presented) The process of claim 28» wherein the treating and Sharps I 
into ions in solution in the anolyte and sterilizing Sharps II and destroying biological and organic 
waste materials comprises treating and oxidizing liquid waste, 

47. (Previously presented) The process of claim 28, wherein the treating and Sharps I 
into ions in solution in the anolyte and sterilizing Sharps 11 and destroying biological and organic 
waste materials comprises treating and oxidizing a combination of liquids and solids. 

48. (Original) The process of claim 28, further comprising requiring removing and 
treating precipitates resulting from combinations of the oxidizing species and other species 
released from the biological and organic waiste during destruction and sterilization. 

49. (Original) The process of claim 28, further comprising a catholyte portion of the 
electrolyte, and wherein the anolyte and catholyte portions of electrolyte are independent of one 
another, and comprise aqueous solutions of acids, alkali or neutral salt. 

50. (Previously presented) The process of claim 28, further comprising separating a 
catholyte portion of the electrolyte from the anolyte portion with a membrane, operating the 
electrochemical cell at a current density of about^O.5 amp or more per square centimeter across 
the membrane, and near a limit over which there is the possibility that mediator anions may leak 
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through the membrane in small quantities, and recovering the mediator anions, thus allowing a 
greater rate of destruction of materials in the anolyte portion. 

5 1 , (Original) The process of claim 28, wherein the catholyte solution further 
comprises an aqueous solution and the electrolyte in the solution is composed of acids, alkali or 
neutral salts of strong acids and bases, and further comprising adding oxygen to this solution 
when HNO3 or NO3' can occur in the catholyte, controlling concentration of electrolyte in the 
catholyte to maintain conductivity of the catholyte portion desired in the electrochemical cell, 
providing mechanical mixing and/or ultrasonic energy induced microscopic bubble formation, 
and implosion for vigorous mixing in the catholyte solution for oxidizing the nitrous acid and 
small amounts of nitrogen oxides NOx, introducing air into the catholyte portion for promoting 
the oxidizing of the nitrous acid and the small amounts of NOx, and diluting any hydrogen 
produced in the catholyte portion before releasing the air and hydrogen. 

52. (Previously presented) The process of claim 28, further comprising feeding 
evolving hydrogen to an apparatus that uses hydrogen as a fuel. 

53 - 59. (Canceled) 

60. (Previously presented) The apparatus of claim 98, wherein the aqueous solutions 
are derived from carbonate, azide, nitrite, nitrate, phosphite, phosphate, sulfite, sulfate, selenite, 
thiocyanate, chloride, bromide, and iodide species. 

61 . (Previously presented) The apparatus of claim 98, further comprising an 
ultrasonic energy source within or near the anolyte chamber for producing microscopic bubbles 
and implosions for reducing in size individual second phase waste volumes dispersed in the 
anolyte. 

62. (Previously presented) The apparatus of claim 98, wherein the membrane is made 
of microporous polymer, porous ceramic or glass frit. 

63. (Previously presented) The apparatus of claim 98, further comprising an AC 
source for impression of an AC voltage upon the DC voltage to retard the formation of cell 
performance limiting surface films on the electrodes. 

64. (Previously presented) The apparatus of claim 98, further comprising an air 
sparge connected to the catholyte reservoir, whereby oxygen contained in the air oxidizes nitrous 
acid and the small amounts of nitrogen oxides (NOx), produced by cathode reactions when HNO3 
or NO3' salts are present in the catholyte. 
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65. (Previously presented) The apparatus of claim 98, wherein each of the oxidizing 
species has normal valence states in reduced forms of redox couples and higher valence 
oxidizing states oxidized forms of redox couples of the oxidizing species created by stripping 
and reducing electrons ofT normal valence state species in the electrochemical cell. 

66. (Previously presented) The apparatus of claim 98, wherein the anolyte portions 
are alkaline solutions and oxidation potentials of redox reactions producing hydrogen ions are 
inversely related to pH, which reduces the electrical power required to oxidize Sharps I into ions 
in solution in the anolyte and sterilizing Sharps II and destroying the biological and organic 
waste. 

67. (Previously presented) The apparatus of claim 98, wherein the oxidizing species 
attack specific organic molecules while operating at temperatures sufficiently low so as to 
preventing the formation of dioxins and furans. 

68. (Previously presented) The apparatus of claim 98, wherein the power supply 
energizes the electrochemical cell at a potential level sufficient to form the oxidized form of the 
redox couple having the highest oxidation potential in the anolyte, and further comprising a heat 
exchanger connected to the anolyte chamber for controlling temperature between OX and 
slightly below the boiling temperature of the anolyte with the heat exchanger before the anolyte 
enters the electrochemical cell enhancing the generation of oxidized forms of the anion redox 
couple mediator, and adjusting the temperature of the anolyte to the range between OX and 
slightly below the boiling temperature when entering the anolyte reaction chamber. 

69. (Previously presented) The apparatus of claim 98, wherein the oxidizing species 
are one or more Type I isopolyanion complex anion redox couple mediators containing tungsten, 
molybdenum, vanadium, niobium, tantalum, or combinations thereof as addenda atoms in 
aqueous solution; 

70. (Original) The apparatus of claim 69, wherein the oxidizing species are one or 
more Type I heteropolyanions formed by incorporation into the isopolyanions, as heteroatoms, of 
the elements listed in Table H, either singly or in combination thereof 

71. (Previously presented) The apparatus of claim 98, wherein the oxidizing species 
are one or more heteropolyanions containing at least one heteroatom type element contained in 
Table I and Table II. 
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72. (Previously presented) The apparatus of claim 98, wherein the oxidizing species 
are higher valence state of species found in situ for destroying of Sharps I into ions in solution in 
the anolyte and the sterilizing of Sharps and the destroying of biological and organic waste 
materials. 

73. (Previously presented) The apparatus of claim 98, wherein the waste material 
contains pharmaceutical materials in the biological and organic materials on the Sharps I and II. 

74. (Previously presented) The apparatus of claim 98, wherein the membrane is 
hydrogen or hydronium ion semi permeable or ion-selective, microporous polymer, porous 
ceramic or glass frit membrane for separating the anolyte portion and the catholyte portion while 
allowing hydrogen or hydronium ion passage from the anolyte to the catholyte. 

75. (Previously presented) The apparatus of claim 98, wherein oxidation potentials of 
redox reactions producing hydrogen ions are inversely related to pH, the biological and organic 
waste is liquid or solid, or a combination of liquids and solids, and the oxidizing species are 
interchangeable without changing other elements of the apparatus. 

76. (Previously presented) The apparatus of claim 98, further comprising an 
ultraviolet source connected to the anolyte chamber for decomposing hydrogen peroxide and 
ozone into hydroxyl free radicals as secondary oxidizers and increasing efficiency of the process 
by recovering energy through the oxidation of the materials in the anolyte chamber by the 
secondary oxidizers. 

77. (Previously presented) The apparatus of claim 98, further comprising an 
ultrasonic source connected to the anolyte for augmenting secondary oxidation processes by 
irradiating the anolyte for dissociating hydrogen peroxide into hydroxyl free radicals and thus 
increasing concentration of oxidizing species and rate of waste destruction. 

78. (Previously presented) The apparatus of claim 98, further comprising use of 
ultrasonic energy, via the ultrasonic energy source communicating with the anolyte for inducing 
microscopic bubble implosions to affect a reduction in size of the individual second phase waste 
volumes dispersed in the anolyte. 

79. (Previously presented) The apparatus of claim 98, further comprising an anolyte 
reaction chamber holding most of the anolyte portion and a foraminous basket, a penetrator 
attached to the basket to puncture solids increasing the exposed area, and further comprising an 
external CO2 vent connected to the reaction chamber for releasing CO2 into the atmosphere, a 
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hinged lid attached to the reaction chamber allowing insertion of waste into the anolyte portion 
as liquid, solid, or mixtures of liquids and solids, an anolyte pump connected to the reaction 
chamber, an inorganic compounds removal and treatment system connected to the anolyte pump 
for removing chlorides, and other precipitate forming anions present in the biological and 
organic waste being processed, thereby precluding formation of unstable oxycompounds, 

80. (Original) The apparatus of claim 79, further comprising an off-gas cleaning 
system, comprising scrubber/absorption columns connected to the vent, a condenser connected to 
the anolyte reaction chamber, whereby non-condensable incomplete oxidation products, low 
molecular weight organics and carbon monoxide are reduced to acceptable levels for 
atmospheric release by the gas cleaning system, and wherein the anolyte off-gas is contacted in 
the gas cleaning system wherein the noncondensibles from the condenser are introduced into the 
lower portion of the gas cleaning system through a flow distribution system and a small side 
stream of freshly oxidized anolyte direct from the electrochemical cell is introduced into the 
upper portion of the column, resulting in a gas phase continuously reacting with the oxidizing 
mediator species as it rises up the column past the down flowing anolyte, and external drain, for 
draining to an organic compound removal system and the inorganic compounds removal and 
treatment system, and for draining the anolyte system, wherein the organic compounds recovery 
system is used to recover biological materials that are benign and do not need further treatment, 
and biological materials that will be used in the form they have been reduced. 

81. (Original) The apparatus of claim 79, further comprising thermal control units 
connected to heat or cool the anolyte to a selected temperature range when anolyte is circulated 
into the reaction chamber through the electrochemical cell by pump on the anode chamber side 
of the membrane, a flush for flushing the anolyte, and a filter is located at the base of the reaction 
chamber to limit the size of exiting solid particles to approximately 1mm in diameter. 

82. (Previously presented) The apparatus of claim 98, wherein the direct current for 
the electrochemical cell is provided by a DC power supply, which is powered by an AC power 
supply, and wherein the DC power supply is low voltage high current supply operating at or 
below lOV DC 

83. (Previously presented) The apparatus of claim 98, further comprising an 
electrolyte containment boundary composed of materials resistant to the oxidizing electrolyte 
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selected from a group consisting of stainless steel, PTFE, PTFE lined tubing, glass and ceramics, 
and combinations thereof. 

84. (Previously presented) The apparatus of claim 98, further comprising an anolyte 
recovery system connected to a catholyte pump, a catholyte reservoir connected to the cathode 
portion of the electrochemical cell, a thermal control unit connected to the catholyte reservoir for 
varying the temperature of the catholyte portion, a bulk of the catholyte portion being resident in 
a catholyte reservoir, wherein the catholyte portion of the electrolyte flows into a catholyte 
reservoir, and further comprising an air sparge connected to the catholyte reservoir for 
introducing air into the catholyte reservoir. 

85. (Original) The apparatus of claim 84, further comprising an anolyte recovery 
system for capturing the anions and for reintroducing the anions into the anolyte chamber upon 
C9llection from the catholyte electrolyte, an off-gas cleaning system connected to the catholyte 
reservoir for cleaning gases before release into the atmosphere, and an atmospheric vent 
connected to the ofT-gas cleaning system for releasing gases into the atmosphere, wherein 
cleaned gas from the oflF-gas cleaning system is combined with unreacted components of the air 
introduced into the system and discharged through the atmospheric vent 47. 

86. (Original) The apparatus of claim 84, funher comprising a screwed top on the 
catholyte reservoir to facilitate flushing out the catholyte reservoir, a mixer connected to the 
catholyte reservoir for stirring the catholyte, a catholyte pump connected to the catholyte 
reservoir for circulating catholyte back to the electrochemical cell, a drain for draining catholyte, 
a flush for flushing the catholyte system, and an air sparge connected to the housing for 
introducing air into the catholyte reservoir, wherein the catholyte portion of the electrolyte is 
circulated by pump through the electrochemical cell on the cathode side of the membrane, and 
wherein contact of oxidizing gas with the catholyte portion of the electrolyte is enhanced by 
promoting gas/liquid contact by mechanical and/or ultrasonic mixing. 

87. (Previously presented) The apparatus of claim 98, wherein the electrochemical 
cell is operated at high membrane current densities above about 0.5 amps/cm^ for increasing a 
rate of waste destruction, also results in increased mediator ion transport through the membrane 
into the catholyte, and further comprising an anolyte recovery system positioned on the catholyte 
side, air sparging on the catholyte side to dilute and remove off-gas and hydrogen, wherein some 
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mediator oxidizer ions cross the membrane and are removed through the anolyte recovery system 
to maintain process efficiency or cell operability. 

88. (Previously presented) The apparatus of claim 98, further comprising a controller, 
a microprocessor, a monitor and a keyboard connected to the cell for inputting commands to the 
controller through the keyboard responding to the information displayed on the monitor, a 
program in the controller sequencing the steps for operation of the apparatus, program having 
pre-programmed sequences of operations the operator follows or chooses other sequences of 
operations, the controller allows the operator to select sequences within limits that assure a safe 
and reliable operation, the controller sends digital commands that regulate electrical power to 
pumps, mixers, thermal controls, ultraviolet sources, ultrasonic sources, CO2 vents, air sparge, 
and the electrochemical cell, the controller receives component response and status from the 
components, the controller sends digital commands to the sensors to access sensor information 
through sensor responses, sensors in the apparatus provide digital information on the state of 
components, sensors measure flow rate, temperature, pH, CO2 venting, degree of oxidation, and 
air sparging, the controller receives status information on electrical potential across the 
electrochemical cell or individual cells in a multi-cell configuration and between the anodes and 
reference electrodes internal to the cells and the current flowing between the electrodes within 
each cell. 

89. (Currently amended) A organic waste destruction system, comprising a housing 
constructed of metal or high strength plastic surrounding an electrochemical cell, with electrolyte 
and a foraminous basket, an AC power supply with a power cord, a DC power supply connected 
to the AC power supply, the DC power supply providing direct current to the electrochemical 
cell, a control keyboard for input of commands and data, a monitor screen to display the systems 
operation and functions, an anolyte reaction chamber with a basket, status lights means f or 
displaying information about the status of the treatment of the organic waste material, an air 
sparge for introducing air into a catholyte reservoir below a surface of a catholyte, a CO2 vent 
incorporated into the housing to allow for CO2 release from the anolyte reaction chamber, an 
atmospheric vent facilitating the releases of gases into the atmosphere from the catholyte 
reservoir, a hinged lid for opening and depositing the organic waste in the basket in the anolyte 
reaction chamber, a locking latch connected to the hinged lid, and in the anolyte reaction 
chamber an aqueous acid, alkali, or neutral salt electrolyte and mediated oxidizer species 
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solution in which an oxidizer form of a mediator redox couple initially may be present or may be 
generated electrochemically after introduction of the waste and application of DC power to the 
electrochemical cell. 

90. (Original) The system of claim 89, wherein the waste is introduced when the 
anolyte is at room temperature, operating temperature or intermediate temperature, and the 
organic waste material is rapidly oxidized at temperatures below boiling point of anolyte at 
ambient pressure, and further comprising a pump circulating an anolyte portion of an electrolyte, 
an in-line filter preventing solid particles large enough to clog electrochemical cell flow paths 
from exiting the reaction chamber, an inorganic compound removal and treatment system and 
drain outlets connected to the anolyte reaction chamber, whereby residue is pacified in the form 
of a salt and may be periodically removed, and a removable top connected to a catholyte 
reservoir allowing access to the reservoir for cleaning and maintenance. 

91. (Original) A organic waste oxidizing process, comprising an operator engaging an 
'ON button on a control keyboard, a system controller which contains a microprocessor, running 
a program and controlling a sequence of operations, a monitor screen displaying process steps in 
proper sequence, status lights on the panel providing status of the process, opening a lid and 
placing the organic waste in a basket as a liquid, solid, or a mixture of liquids and solids, 
retaining a solid portion of the waste and flowing a liquid portion through the basket and into an 
anolyte reaction chamber, activating a locking latch after the waste is placed in the basket, 
activating pumps which begins circulating the anolyte and a catholyte, once the circulating is 
established throughout the system, operating mixers, once flow is established, turning on thermal 
control units, and initiating anodic oxidation and electrolyte heating programs, energizing an 
electrochemical cell to electric potential and current density determined by the controller 
program, using programmed electrical power and electrolyte temperature ramps for maintaining 
a predetermined waste destruction rate profile as a relatively constant reaction rate as more 
reactive waste components are oxidized, thus resulting in the remaining wa$te becoming less and 
less reactive, thereby requiring more and more vigorous oxidizing conditions, activating 
ultrasonic and ultraviolet systems in the anolyte reaction chamber and catholyte reservoir, 
releasing CO2 from the biological and organic waste oxidizing process in the anolyte reaction 
chamber, activating air sparge and atmospheric vent in a catholyte system, monitoring progress 
of the process in the controller by cell voltages and currents, monitoring CO2, CO, and O2 gas 
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composition for CO2, CO and oxygen cx>ntent, decomposing the organic waste into water and 
CO2, the latter being discharged out of the CO2 vent, air sparging drawing air into a catholyte 
reservoir, and discharging excess air out of an atmospheric vent, determining with an oxidation 
sensor that desired degree of waste destruction has been obtained, setting the system to standby, 
and executing system shutdown using the controller keyboard system operator. 

92. (Original) The process of claim 91 , further comprising placing the system in a 
standby mode during the day and adding organic waste as it is generated throughout the day, 
placing the system in full activation during non-business hours, operating the system at low 
temperature and ambient atmospheric pressure and not generating toxic compounds during the 
oxidation of Sharps I into metallic ions in solution in the anolyte and sterilizing of sharps II and 
the destroying of the biological and organic waste, making the process indoors compatible, 
scaling the system between units small enough for use by a single practitioner and units large 
enough to replace hospital incinerators, releasing CO2 oxidation product from the anolyte system 
out through the CO2 vent, and venting off-gas products from the catholyte reservoir through the 
atmospheric vent. 

93. (Original) The process of claim 91, further comprising introducing the waste into 
a room temperature or cooler system with little or none of the mediator redox couple in the 
oxidizer form, depending upon reaction kinetics, heat of reaction and similar waste 
characteristics. 

94. (Previously presented) The system of claim 89, wherein the system is room 
temperature or cooler with little or none of the mediator redox couple in the oxidizer form, 

• depending upon reaction kinetics, heat of reaction and similar waste characteristics. 

95. (Previously presented) A process for treating and oxidizing Sharps I and 
sterilizing Sharps IT and waste materials comprising disposing an electrolyte in an 
electrochemical cell, separating the electrolyte into an anolyte portion and a catholyte portion 
with an ion-selective membrane, semipermeable membrane, microporous polymer, porous 
ceramic, or glass frit, applying a direct current voltage between the anolyte portion and the 
catholyte portion, placing the sharps and waste in the anolyte portion, and oxidizing the 
Sharps I into metallic ions in solution in the anolyte, sterilizing Sharps II, and waste in the 
anolyte portion with a mediated electrochemical oxidation (MEO) process, wherein the 
anolyte portion further comprises oxidizing species as a mediator in aqueous solution and the 
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electrolyte is an acid, neutral or alkaline aqueous solution, and wherein the mediator 
oxidizing species are selected from the group consisting of (a.) simple ion redox couples 
described in Table I as below; (b.) Type I isopolyanions complex anion redox couples 
formed by incorporation of elements in Table I or mixtures thereof as addenda atoms; (c.) 
Type I heteropolyanions complex anion redox couples formed by incorporation into Type I 
isopolyanions as heteroatoms any element selected from the group consisting of the elements 
listed in Table 11 either singly or in combination thereof, or (d.) heteropolyanions complex 
anion redox couples containing at least one heteroatom type element contained in both Table 
I and Table 11 below or (e.) combinations of the mediator oxidizing species from any or all of 
(a.X(b.).(c.),and(d.) 



Table!: Simple Ion Redox Couples 



GROUP 


GROUP 




[■S/AhEtiCEB 


.:, .:,„.;;^.,^„„-i;L, ' - ' ^ T 


tSPEGIFIG REDOX 


1 


A 


None 








B 


Copper (Cu) 


+2 


Cu'*(cupric) 

HCu02(bicuprile) 
CuOs" (cuprite) 


+2 Species/ +3, +4 
Species; 

+3 Species/ +4 Species 


+3 


CuOj'tcuprate) 
CU2O3 (sesquioxide) 


+4 


CUO2 (peroxide) 


Silver (Ag) 


+1 


Ag^(argentou$) 
AgO*(argentite) 


+i Species/ +2, +3 
Species; 

+2 Species/ +3 Species 


+2 


Ag'^ (argentic) 
AgO (argentic oxide) 


+3 


AgO^ (argentyl) 
Ag203 (sesquioxide) 


Gold (Au) 


+1 


Au^ (aurous) 


+1 Species/ +3, +4 
Species; 

+ 3 Species/ +4 Species 


+3 


Au^^ (auric) 
AuO' (auiyl) 
H3AUO3' (auric acid) 
H2 AuOj" (monoauarale) 
HAu03*'(diaurale) 
AuOa'' (triauraie) 
AU2O3 (auric oxide) 
Au(0H)3 (auric hydroxide) 


+4 


AuO-^ (peroxide) 


11 


A 


Magnesium 
(Mg) 


+2 


Mg^^ (magnesia) 


+2 Species/ +4 Species 


+4 


Mg02 (peroxide) 


Calcium 


+2 


Ca*' 


+2 Species/ +4 Species 
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(Ca) 








+4 


CaOj (peroxide) 


Strontium 


+2 




+2 Species/ +4 Species 


+4 


S1O2 (peroxide) 


Barium (Ba) 


+2 

+4 ■ 


Ba^^ 

BaOs (peroxide) 


+2 Species/ +4 Species 



GROUP 


SUBGROUP 


ELEMENT 


VALENCE 


SPECpS / 


SPECIFie 

REDOX 

COUPLES 


II 


B 


Zinc (Zn) 


+2 


Zn*^ (zincic) 

ZnOH"'(zinc>^l) 
HZnOaXbizincatc) 
ZnOs " (zincate) 


+2 Species/ 
+4 Species 








+4 


Zn02 (peroxide) 








Mercury 
(Hfi) 


+2 


Hg*' (mercuric) 

Hg(0H)2 (mercuric 
hydroxide) 
HHfiOV (mercurate) 


+2 Species/ 
+4 Species 








+4 


Hg02 (peroxide) 




UI 


A 


Boron 


+3 


H3BO3 (orthoboric acid) 

H.BOj", HB03-,B03-^ 
(orthoboraies) 
BO2* (metaborate) 
H2B4O7 (tetrabonc acid) 
HB407 /B40? 
(tetraborates) 
B204''(diboratc) 
BeOio" (hexaborate) 


+3 Species/ 
+4.5, +5 
Species 








+4.5 


B2OS' (diborate) 










+5 


B03'/B02*H20 
(peiborate) 








Tliallium 

m) 


+1 


Tl^' (Uiallous) 


+i Species/ 
+3 or +3.33 
Species; 








+3 


n^' (Uiallic) 

T10^ TIOH'^ TI(0H)2^ 
(lliallyl) 

TI2O3 (sesquioxidc) 
T1(0H)3 (hydroxide) 


+3 Species/ 
+3.33 Species 








+3.33 


TI3O5 (peroxide) 






B 


See Riirc 
Earths and 
Actinides 
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GROUP 


SUB 

UROUP 


ELEMENT 


VALENCE 


SPECIES 


SPECIFIC 

KbUUA 
COUPLES 


IV 


A 


Caiton (C) 


+4 


H2CO3 (caibonic acid) 

HCO3* (bicaibonaie) 
COy^ (caitonate) 


H-4 Species/ 
+5, -f6 Species 








+5 


H2C2O6 (perdicaibonic acid) 










+6 


H2CO4 (permonocaibonic acid) 








Gennanium 
(Ge) 


+4 


H2Ge03 (germanic acid) 

HGeOj' (bigermaniate) 

(germinate) 
Ge^'' (gennanic) 
Geo/' 

H2Ge205 (digermanic acid) 
H2Ge409 (letiagemianic acid) 
H-GcsOn (pcntagermanic acid) 
HGcsOiT (bipentageniianale) 


+4 Species/ 
+6 Species 








+6 


Ge50ir^ (pentagennanate) 








Tin (Sn) 


+4 


Sn^ (stannic) 
HSnOa' (bislannate) 

Sn^OH^< ^stannic hvdrovidc^ 


+4 Species/ 
+7 Species 








+7 


SnO/ fnQr^tanrmtG^ 








Lcad(Pb) 


+2 


Pb^^ (plumbous) 
HPb02*(biplunibitc) 


+2, +2.67, +3 

Species/+4 

Species 










PbOlT 
























PhO ^nliiniHiic ^v^Hp^ 
r\j\J \yi\Al\\\j\X^ yjWKAK) 












rD3W4 (^piunioo~piUiuDic OXluC^ 










+3 


Pb203 (sequioxide) 




IV 


A 


Lead(Pb) 


+4 


Pb"^' (plumbic) 


+2, +2.67, +3 

Species/+4 

Species 










PbOs* (mctaplumbate) 










KPb03' (acid mctaplumbate) 












PbO/ (orlhopluinbate) 












PbOa (dioxide) 
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GROUP 


SUB 
GROUP 


ELENfENT 


VALENCE 


SPECIES 


SPECIFIC 
COUPLES 


IV 


B 


Titanium 


+4 


TiO"^' (pertitanyl) 

HTiOa tilanale) 
TiOi (dioxide) 


+4 Species/ 
+6 Species 










Ti02''' (pertitan)i) 
HTi04 (acid pertilanate) 
TiO/- (peititanate) 
Ti03 (peroxide) 








Zirconium 
(Zr) 


+4 


Zf^ (ziicoiiic) 

ZiO^' (zirconyl) 
HZ1O3" (zirconaie) 


+4 Species/ +5, 
+6; +7 Species 








+5 


ZttO^ (pentoxide) 










4^ 


Z1O3 (peroxide) 










+7 


Zr207 (heptoxide) 








Hafnium 
(Hf) 


+4 


Hr'*(liafnic) 
HKy- (liafnyl) 


+4 Species/ 
+6 Species 








+6 


HfOa (peroxide) 




V 


A 


Nitrogen 


+5 


HNO3 (nitric acid) 
NO3' (nitrate) 


+5 species/ 
+7 Species 








+7 










Phosphorus 
(P) 


+5 


H3P04(ortliophosphoric acid) 

H-PO4" (monoorlhophospliatc) 

HP04'^ (diorthophospliate) 
P04'^ (iriorthophosphaie) 
HPO3 (metaphosphoric acid) 

H4P2O7 (pi>'ophosphoric acid) 
H5P3O10 (triphosphoric acid) 
HoP^Ou (tctraphosphoric acid) 


+5 Species/ 
+6, +7 species 


V 


A 


Pliosphorus 
(P) 


+6 


H4P2O8 (perphosplioric acid) 
H3PO5 (monoperphosphoric acid) 


-1-5 Species/ 
+6, +7 Species 
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GROUP 


SUB 
GROUP 


ELEMENT 


VALENCE 


SPECES - 


SPECIFIC 

REDOX 

COUPLES 


V 


A 


Arsenic (As) 


+5 


H3ASO4 (ortho-arsenic acid) 

H2ASO4" (mono ortho-arscnate) 
HASO4*" (di-ortlio-arsenate) 
As04"^ (tri-ortho-arsenate) 
As02^(arsenyl) 


+5 Species/ 
+7 species 








+7 


AsOa^ (perarsenyl) 








Bismuth 
(Bi) 


+3 


Bi"^^ (bismuthous) 

BiOH^* (hydrox)'bisniuthous) 
BiO^ (bismuthyl) 
BiO^' (metabismuthite) 


+3 Species/ 
+3.5, +4, +5 
Species 








+3.5 


Bi407 (oxide) 










+4 


Bi204 (tetroxide) 










+5 


BiOi (metabismuthite) 
Bi205 (pentoxide) 






B 


Vanadium 
(V) 


+5 


V02^(vanadic) 

H3V2O7" (pyrovanadate) 
H2VO4 (orthovanadate) 
V0{ (metavanadate) 
HVO4*' (orthovanadate) 
VO/^ (orthovanadate) 
V2O5 (pentoxide) 
H4V2O7 (pyrovanadic acid) 
HVO3 (metavanadic acid) 
H4V6O17 (hexav'anadic acid) 


+5 Species/ 
+7, +9 Species 








+7 


VO4' (pervanadate) 










+9 


VO5' (hypervaiiadate) 
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ififfllRiEl?r^ 




















V 


B 


Niobium 

(Nb) 


+5 


NbO^' (metaniobate) 

Nb04*^ (orthoniobatc) 
NbaOs (pentoxide) 
HNb03 (niobid acid) 


+5 Species/ +7 
species 








+7 


Nb04' (pemiobate) 
Nb207 (pemiobic oxide) 
HNbOa (pemiobic acid) 








Tantalum 


+5 


TaOi' f met^itanlnlafel 


4-S ^necip^/ +7 






(Ta) 




TaO/^ (orthotanatalate) 
Ta205 (pentoxide) 
HTaOa (tantalic acid) 


species 








+7 


TaO/ (pentantalate) 
7320? (pcrtantalate) 
HTa04«H20 (pertantalic acid) 




VI 


A 


Sulfur (S) 


+6 


H2SO4 (sulfuric acid) 

HSO4' (bisulfale) 
SO^^ (sulfate) 


-h6 Species/ +7, 
+8 Species 








+7 


$208'^ (dipersulfaie) 










+8 


H:S05 (momopersulfiinc acid) 








Selenium 
(Se) 


TO 


n2oe2V^4 vseienic acia^ 

HSCO4' (biselenate) 

SeO^'^ (selenate) 


TO species/ T- / 
Species 








+7 


H2Se208 (perdiselenic acid) 








Tellurium 

ao 


+6 


H2Te04 (telluric acid) 

HTe04' (bitellurate) 
TeO/^ (telluraie) 


+6 species/ +7 
species 








+7 


H2Te20g (peitlitellenic acid) 








Polonium 
(Po) 


+2 


Po^" (polonous) 


+2, +4 species/ 
+6 Species 








+4 


P0O3"" (polonaie) 










+6 


P0O3 (peroxide) 
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GROUP 


SUB 
GROUP 


ELEMENT 


VALENCE 


SPECIES 


SPECIFIC 

REDOX 

COUPLES 


VI 


B 


Cluoniiuin 


+3 


Cr"^-^ (cliroinic) 

CiOir-, CrtOHV (chroniyls) 

C1O2*. CrOa"* (chromiles) 
CfoOj (cliroinic oxide) 
\^i\\jn}2 v^cuu/iiuL iiyQ.ii/Aiuc^ 


+3 Species/ 
+4, +6 Species; 
+4 Species/ 
+6 Species 








+4 


C1O2 (dioxide) 
Cr(0H)4 (hydroxide) 












H2C1O4 (chromic acid) 
HC1O4' (acid chroniate) 
Cr04'* (chromate) 
Cr207*" (dichromate) 








Molybdenum 
(Mo) 


+6 


HM0O4' (bimolybhatc) 

MoO^'^ (molydbale) 
M0O3 (moiybdic trioxide) 
H2M0O4 (niolybolic acid) 


+6 Species/ 
+7 Species 








+7 


M0O4" (pennolybdate) 








Tungsten 
(W) 


+6 


.W04'^ tungstic) 

WO3 (trioxide) 
H2WO4 (tungslic acid) 


+6 Species/ 
+8 Species 








+8 


WO5'" (pertungstic) 
H2WO5 (peitimgstic acid) 




Vll 


A 


ailorine(Cl) 


-1 


Cr (chloride) 


-1 Species/ +L 
+3, +5, +7 
Species 








+1 


HCIO (hypoclilorous acid) 
CIO' (hypochlorite) 


+1 Species/ +3, 
+5, +7 Species; 
+3 Species/ 
+5, +7 Species; 








+3 


HCIO2 (chlorous acid) 
CIO2 (cWorite) 


4-5 Species/ 








+5 


HCIO3 (chloric acid) 
CIO3" (cliioraic) 










+7 


HCIO4 (perclUoric acid) 

C104-, HC1O5 ciOj', 01209-^ 

(perclUorates) 
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GROUP 


SUB 

GROU 

P 


ELEMENT 


VALENCE 


SPECIES 


SPECIFIC 

REDOX 

COUPLES 


vn 


A 


Bromine (Br) 


-1 


Br (bromide) 


-1 Species/+1, 

+3, +5, +7 
Species; 








+1 


HBrO (hypobroinous acid) 
BrO* ^ivDobrDiTiitee) 


+i Species/+3, 
+5, +7 Species; 
+3 SoeciesZ+S 
+7 Species; 








+3 


HBiO: (bromous acid) 
Bi02' (broniite) 


+5 Species/ +7 
Species 








+5 


HB1O3 (bromic acid) 
B1O3" (bromate) 










+7 


HBr04 (pcibromic acid) 
Bi04\ HB1O5 B1O5 ^ Br209*^ 
(prebromates) 








Iodine 


-1 


r (iodide) 


-1 Species/+1, 
+3, +5, +7 
Species; 








+1 


HIO (hypoiodus acid) 
10' (hypoiodite) 


+ 1 Species/+3, 
+5, +7 Species; 
+3 Species/ +5, 
+7 Species; 








+3 


HIO2 (iodous acid) 
102' (iodite) 


+5 Species/ +7 
Species 








• < 


MiUi (iodic acia) 
IO3* (iodaie) 










+7 


HIO4 (periodic acid) 
104', HlOs IO5 ^ 1209^ 
(pcriodates) 






B 


Manganese 
(Mn) 


+2 


Mn*^ (nianganeous) 
HM11O2* (diinanganile) 


+2 Species/ +3, 
+4, +6, +7 
Species; 
-^3 Species/ +4, 
+6, +7 Species; 








+3 


Mn^^ (manganic) 


+4 Species/ +6, 
+7 Species; 








+4 


Mn02 (dioxide) 


+6 Species/ -f-7 
Species 








+6 


Mn04"^ (manganate) 




1 




+7 


Mn04' (permangaiiate) 





37 



GROUP 


SOB 
GROUP 


ELEMENT 


VALENCE 


SPECIES ^ 


SPECIFIC 

REDOX 

COUPLES 


VITI 
Vlil 




Tmn 

irou \r^) 




HFe02 (dihypofenite) 


+4, +5, +6 
Species; 








+3 


Fe""* (ferric) 
Fe(OH)^- 
Fe(0H)2* 
Fe02"^(ferrite) 


+3 Species/+4, 
+5, +6 Species; 


VlII 


Period 4 


Iron (Fe) 


+4 


FeO^^(ferT>i) 
r Q\j2 yjen emie ) 


+4 Species/ 
+5, +6 Species; 
+5 Species/ 
+6 Species 








+5 


FeO." (perferryl) 










-N5 


FcO^'^ (ferrate) 








Cobalt (Co) 


+2 


Co"^ (cobalous) 
HC0O2' (dicobaltite) 


+2 Species/ 
+3, +4 Species; 
+3 Species/ 
+4 Species 








+3 


Co^^ (cobaltic) 
C02O3 (cobaltic oxide) 








+4 


C0O2 (peroxide) 

H2C0O3 (cobaltic acid) 

— 








Nickel (Ni) 


+2 


Ni (nickeious) 
NiOH^ 

HNiOs (dinickelite) 
Ni02'" (nickelite) 


+2 Species/ +3, 
+4, +6 Species; 
+3 Species/ 
+4, +6 Species; 
+4 Species/ 
+6 Species 








+3 


Ni"^^ (nickelic) 
Ni203 (nickelic oxide) 










+4 


Ni02 (pero>dde) 










+6 


NiO^*" (nickelate) 
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GROUP 


SUB 
GROUP 


ELEMENT 


VALENCE 


SPECIES : 


SPECIFIC 

REDOX 

COUPLES 


vni 


Period 5 


Ruthenium 
(Ru) 

\ 


+2 


Ru"^ 


+2 Species/ +3, 
+4 +5 46 +7 
+8 Species; 








+3 


Ru^^ 

RU2O3 (sesquioxide) 
Ru(0H)3 (hydroxide) 


+3 Species/ +4, 
+3, +6, +7, +8 
Species: 
+4 Species/ 
+5, +6, +7, +8 
Species; 
+5 Species/ +6, 
+7, +8 Species; 








+4 


RuO? (ruthenic dioxide) 
Ru(0H)4 (rutlienic hydroxide) 


46 ^nede^/ 
+7, +8 Species; 
+7 Species/ 
+8 Species 








+5 


RU2OS (pentoxide) 












RuO/- (nithenale) 
Ru02'^^ (nitheml) 
RuOj ((rioxide) 










T/ 


^perruuienaiej 










4-8 


H2RuOii (hypeaithenic acid) 
HRuOs' (diperruthenate) 
RUO4 (ruthenium tetroxide) 








Rliodium 
(Rh) 


+1 


Rh* (li>'porhodous) 


+1 Species/+2, 

+3, +4, 46 
Species; 








+2 


Rh"^" (rhodous) 


4-2 Species/ +3, 

4-4 +{\ 5sfw*rif*c' 








+3 


Rli*^ (rhodic) 
Rh203 (sesquioxide) 


+3 Species/ +4, 
4-6 Species; 
+4 Species/ 46 








+4 


RI1O2 (rhodic oxide) 
Rli(0H)4 (hydroxide) 










RI1O4"* (iliodaie) 
Rh03 (trioxide) 








Palladium 


+2 


Pd (palladous) 
Pd02-(pal!adile) 


+2 Species/ +3, 

4-4 4iS Snecies* 

+3 Species/ 
+4, 46 Species; 








+3 


Pd203 (sesquioxide) 


+4 Species/ 
4 6 Species 








+4 


Pd Oi"^ (palladale) 
Pd02 (dioxide) 
Pd(OH), (hydroxide) 








+6 


Pd03 (peroxide) 
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GROUP 


SUB 
GRO 
UP 


ELEMENT 


VALENCE 


SPECIES 


SPECIFIC 

REDOX 

COUPLES 


vm 


Period 6 


Tnfiiiim ^Ir^ 

XliUllUll V*'/ 


+3 


Ir^-* riridic^ 

Ir fOH^i firidium hvdrovide^ 


+4, +6 Species; 
+4 Species/ 
+6 Species 


+4 


I1O2 (iridic oxide) 

Ir (0H)4 (iridic hydroxide) 


+6 


Ir04'" (iridale) 

I1O3 (iridium peroxide) 


Platinum 
(Pi) 


+2 


Pl'^-Cplatinous) 


+2, +3 Species/ 
+4, +6 Species; 
+4 Species/ 
+6 Species 


+3 


Pt203 (sesquioxide) 


+4 


PtO'^^ (platii^l) 

Pt(OH)^^ 

P1O2 (platonic oxide) 


IIIB 


Rare 
earths 


Cerium (Cc) 


+3 


Ce (cerous) 
Ce203 (cerous oxide) 
Ce^OH^^ f^ccrous hvdroxide^ 


+3 Species/ 
+4, +6 Species; 
+4 Species/ 
+6 Species 


+4 


Ce^', Ce(OH)^^ Ce(OH)2*^ 
Ce(0H)3^ (eerie) 
Ce02 (eerie oxide) 


+6 


Ce03 (peroxide) 


Praseodymiu 
m(Pr) 


+3 


Pr*^ (praseodymous) 

Pr203 (sesquioxide) 
PKOH)3 (hydroxide) 


+3 species/ +4 
species 


+4 


Pr^ (praseodymic) 
Pr02 (dioxide) 




Neodymium 


+3 


Nd203 (sesquioxide) 


+3 Species/ +4 
Species 


+4 


Nd02 (peroxide) 


Teibium (Tb) 


+3 


Tb203 (sesquioxide) 


+3 Species/ +4 
Species 


+4 


Tb02 (peroxide) 
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GROUP 


SUB 
GROU 

T> 

r 


ELEMENT 


VALENCE 


SPECIES 


SPECIFIC 

REDOX 

COUPLES 


niB 


Actinid 
es 


Thorium (Th) 


+4 


Tli^' (thoric) 

TliO"^^ (thoiyl) 
HTliO;^* (thorate) 


+4 Species/ +6 
Species 








+6 


TI1O3 (acid peroxide) 








Uranium (U) 


+6 


UO:^' (uianyl) 
UO3 (uranic oxide) 


+6 Species/ +8 
Species 








+8 


HUO/, UO5'' (peruranates) 
UO4 (peroxide) 








Neptunium 
(Np) 


+5 


NpOj^ (hyponeptunyl) 
NP2O5 (pcnloxide) 


+5 Species/ +6, 
+8 Species; 
+6 Species/ +8 
Species 








+6 


Np02 (neptunyl) 
NpOj (trioxide) 










Np04 (peroxide) 








Plutonium 


+3 


Pu (hypoplutonous) 


+3 Species/ +4, 








+4 


Pu^ (plutonous) 

PUO2 (dioxide) 


+4 Species/ +5, 

+5 Species/ +6 
Species 








+5 


Pu02^ (hypoplutonyl) 
PU2O5 (pentoxide) 








+6 


PUO2 (plulonyl) 
PuOa (peroxide) 








Amencium 
(Am) 


+3 


Ani"^^ (hypoamericious) 


+3 Species/ +4, 
+5, +6 Species; 








+4 


Am^ (americous) 
Am02 (dioxide) 
Am(0H)4 (hydroxide) 


+4 Species/ +5, 
+6 Species; 
+5 Species/ +6 
Species 








+5 


Am02* (hypoameric>'l) 
Am205 (pentoxide) 










+6 


Am02^^ (americ>'l) 
AmOa (peroxide) 
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Table II: Elements Participating as Heteroatoms in Heteropolyanion Complex Anion Redox 
Couple Mediators 



GROUP 


SUB 
GROUP 


MMENT;; . 


I 


A 


Litluum (Li), Sodium (Na), Potassium (K). and Cesium (Cs) 


B 


Copper (Qi)j Silver (Ag), and Gold (Au) 


II 


A 


Beiyiliuni (Be). Magnesium (Mg), Calcium (Ca), Strontium (Sr), and Barium (Ba) 


rj 
D 


Zmc (Zn)» Cadimum (Cd), and Mercui>' (Hg) 


HI 


A 

A 


Boron (B), and Aluminum (Al) 


B 


Scandium (Sc), and Yttnum (Y) - (See Rare Earths) 


TV 
1 V 


A 

A 


i^aroon (^c;, ouicon oennamum i m v^n; ana Leaa {ro) 


n 

D 


1 iiaiiiuiii ^ 1 ly^ iLiivuuiuin v.^!/. dna ndinium \ r\i ) 


V 


A 


Nitrogen (N), Phosphorous (P), Arsenic (AsX Antimony (Sb), and Bismuth (Bi) 


B 


Vanadium (V), Niobium (Nb), and Tantalum (Ta) 


VI 


A 


Sulfur (S), Selenium (Se), and Tellurium (Te) 


B 


Chromium (Cr), Molybdenum (Mo), and Tungsten (W) 


VII 


. A 


Fluorine (F), Clilorine (CI), Bromine (Br), and Iodine (1) 


B 


Manganese (Mn), Technetium (Tc), and Rlieniiim (Re) 


VllI 


Period 4 


Iron (Fe), Cobalt (Co), and Nickel (Ni) 


Period 5 


Ruthenium (Ru), Rhodium (Rli), and Palladium (Pd) 


Period 6 


Osmium (Os), Iridium (Ir), and Platinum (Pt) 


IHB 


Rare Earths 


All 



further comprising adding stabilizing compounds to the electrolyte for overcoming and 

stabilizing the short lifetime of oxidized forms of higher oxidation state species of the mediator, 

wherein the stabilizing compounds are tellurate or periodate ions. 

96. (Previously presented) A process for treating and oxidizing Sharps I and 
sterilizing Sharps II and waste materials comprising disposing an electrolyte in an 
electrochemical cell, separating the electrolyte into an anolyte portion and a catholyte portion 
with an ion-selective membrane, semipermeable membrane, microporous polymer, porous 
ceramic, or glass frit, applying a direct current voltage between the anolyte portion and the 
catholyte portion, placing the sharps and waste in the anolyte portion, and oxidizing the 
Sharps I into metallic ions in solution in the anolyte, sterilizing Sharps II, and waste in the 
anolyte portion with a mediated electrochemical oxidation (MEO) process, wherein the 
anolyte portion further comprises oxidizing species as a mediator in aqueous solution and the 
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electrolyte is an acid, neutral or alkaline aqueous solution, and wherein the mediator 
oxidizing species are selected from the group consisting of (a.) simple ion redox couples 
described in Table I as below; (b.) Type I isopolyanions complex anion redox couples 
formed by incorporation of elements in Table I, or mixtures thereof as addenda atoms; (c.) 
Type I heteropolyanions complex anion redox couples formed by incorporation into Type I 
isopolyanions as heteroatoms any element selected from the group consisting of the elements 
listed in Table II either singly or in combination thereof, or (d.) heteropolyanions complex 
anion redox couples containing at least one heteroatom type element contained in both Table 
I and Table II below or (e.) combinations of the mediator oxidizing species from any or all of 
(a.),(b.)>(c.Xand(d.) 
Table I: Simple Ion Redox Couples 



GROUP 




iEUEKlENT 

> - }' ,' ' - 






SPECIFIC REDOX 


I 


A 


None 








B 


Copper (Cu) 


+2 


Cu" (cupric) 

HCu02(bicupritc) 
CuO-^^ (cuprite) 


+2 Species/ +3, +4 
Species; 

+3 Species/ +4 Species 


+3 


Cu02" (cuprate) 
Q12O3 (sesquioxide) 


+4 


CUO2 (peroxide) 


Silver (Ag) 


+1 


Ag"'{argentous) 
AgO(argentite) 


+1 Species/ +2, +3 
Species; 

+2 Species/ +3 Species 


+2 


Ag"" (argentic) 
AgO (argentic oxide) 


+3 


AgO"^ (argentyl) 
AgiO:i (sesquioxide) 


Gold(Au) 


+1 


Au"^ (aurous) 


+1 Species/ +3, +4 
Species; 

+ 3 Species/ +4 Species 


+3 


Au""^ (auric) 
AuO' (aui>'l) 
H3AUO3' (auric acid) 
H2AUO3" (monoauarate) 
HAu03'"(diauraic) 
AuOa"^ (triaurate) 
AU2O3 (auric oxide) 
Au(0H)3 (auric hydroxide) 


+4 


AUO2 (peroxide) 


II 


A 


Magnesium 
(Mg) 


+2 


Mg^* (magnesic) 


+2 Species/ +4 Species 


+4 


Mg02 (peroxide) 
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Calcium 


+2 


Ca^^ 


+2 Species/ +4 Species 


(Ca) 










+4 


CaO:^ (peroxide) 




StrDittium 


+2 


Sr*^ 


+2 Species/ +4 Species 




+4 


S1O2 (peroxide) 


Barium (Ba) 


4-2 


Ba^-' 


+2 Species/ +4 Species 




+4 


Ba02 (peroxide) 





GROUP 


SUB GROUP 


ELEMENT 


VALENCE 


SPECIES 


SPECIFIC 

REDOX 

COUPLES 


II 


B 


Zinc (Zn) 


+2 


Zn"^" (zincic) 

ZnOH" (zincj^l) 
HZn02'(bizincale) 
Zn02*~ (zincate) 


+2 Species/ 
+4 Species 


+4 


Zn02 (peroxide) 


Mercury 
(Hg) 


+2 


-r» 4'''' J • V 

Hg - (mercunc) 

Hg (0H)2 (mercuric 

h>^dix)xide) 
HHg02' (niercurate) 


+2 Species/ 
+4 Species 


+4 


Hg02 (peroxide) 


III 


A 


Boron 


+3 


H3BO3 (orlhoboric acid) 

HsBOa', HB03'% BOa'^ 
(orthoboraies) 
BO2 (metaoorate) 
H-ija^Ji (letraDonc acici) 

HB407*/B407*^ 

(tetraborates) 
B204'^(diboratc) 
B60io'^ (hexaborate) 


+3 Species/ 
+4.5, +5 
Species 


+4.5 


B2O5 (diborate) 


+5 


B03"/B02"'H20 
(perborate) 


Tlujllium 
(Tl) 


+1 


Tt^ (Oiallous) 


+1 Species/ 
+3 or +3.33 
Species; 
+3 Species/ 
+3.33 Species 


+3 


Tl''^ (thallic) 

TIO^ TI0H^lTI(0H)2'^ 
(thallyl) 

TI2O3 (sesquioxidc) 
TI(0H)3 (hydroxide) 


+3.33 


TI3O5 (peroxide) 


B 


See Rare 
Eirths and 
Actinides 
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GROUP 


SUB 
GROUP 


ELEMENT 


VALENOE . 


SPECIES 


SPECIFIC 
REDOX 
GOijEtES - 


IV 


A 


Caiton (C) 


+4 


H2C03 (caibonic acid) 

HC03'(bicaibonate) 
C03'^ (carbonate) 


+4 Species/ 
+5, +6 Species 








+5 


H2C2O6 (perdicarbonic acid) 










4<S 


H2C04(permonocari)onic acid) 








Germanium 
(Gc) 


+4 


H2Ge03 (germanic acid) 

HGe03' (bigennaniate) 
GcO^'^ (germinate) 
Go*'* (germanic) 
Ge04^ 

H2Ge205 (digcrraanic acid) 
H2Gej09 (tetragcrmanic acid) 
HiGcsOi 1 (pentagennanic acid) 
HGesOn' (bipcntagermanate) 


+4 Species/ 
+6 Species 








+6 


GesOn" (pentagennanate) 








Tin(Sn) 


+4 


Sn^ (stannic) 
Srr03"^ (stannate) 

01 ivy 2 v,****^'*"^ WAiut-^ 

SnfOH^i fslannic livdrovide) 


+4 Species/ 
+7 Species 








+7 


Sn04* (perstannaie) 








Lead (Pb) 


+2 


Pb^^ (plumbous) 
riruv.12 ^.Oipiuuioucj 


+2, +2.67, +3 

Spccics/+4 

Species 










PbOH" 












PbOo^ (plumbite) 












PbO (plumbus oxide) 










+2.67 


PbsOj (plumbo-plunibic oxide) 










+3 


Pb203 (sequioxide) 




IV 


A 


Lead (Pb) 


+4 


Pb^^ (plumbic) 


+2, +2.67, +3 

Species/+4 

Species 










PbOs'^ (metaplumbate) 










HPb03' (acid inelaplunibate) 












Pb04'^ (oithoplumbalc) 












Pb02 (dioxide) 
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GROUP 


SUB 
GROUP 


ELEMENT 


VALENCE 


SPECIES ; 


SPECIFIC 

REDOX 

COUPLES 


IV 




Tif^fiiiitn 
1 luuuuiit 


+4 


HTiOa titanate) 
Ti02 (dioxide) 


+6 Species 








+6 


TiO:^* (pertitan>i) 
HTiO/ (acid pertitanate) 
Ti04*^(pertitanate) 
Ti03 (peroxide) 








Zinx)iiium 


+4 


Zr^ (ziiconic) 

ZiO'^ (zirconyl) 
HZrOs' (zitxjonate) 


+4 Species/ +5, 








+5 


ZfiOs (pentoxide) 










+6 


ZrOi (peroxide) 










+7 


Zr207 (heptoxide) 








Hafnium 
(Hf) 


+4 


Hr(hafnic) 

HfO^'(hiifnyl) 


+4 Species/ 
+6 Species 








+6 


HfOa (peroxide) 




V 


A 


Nitrogen 


+5 


HNO3 (nitric acid) 
NO^' (nitrate) 


+5 species/ 
+7 Species 








+7 


HNO4 (pemitric acid) 








Phosphonis 
(P) 


+5 


HaPO^Corthophosphoric acid) 

H2P04" (monoorthophospliate) 
HPO4"* (diorthophosphate) 
PO4 ^ (triorthophosphate) 
HPO3 (metaphosphoric acid) 

H4P2O7 (ptyophosphoric acid) 
H5P3O10 (triphosphoric acid) 
H6P4O13 (tetraphosphoric acid) 


+5 Species/ 
+6, +7 species 


V 


A 


Phosphonis 
(P) 


+6 
+7 


H4P2O8 (perphosphoric acid) 
H3PO5 (monoperphosphoric acid) 


+5 Species/ 
+6, +7 Species 
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GROUP 


SUB 
GROUP 


ELEMENT 


VALENCE 


SPEClESSr-V;. 


SPECIFIC 
REDOX 

CUUPLco 


V 


A 


Arsenic (As) 


+5 


H3ASO4 (ortho-arsenic acid) 

H2ASO4' (mono ortho-arsenate) 
HAsO/' (di-ortho-arsenate) 
AsO/^ (tri-ortho-arsenatc) 

ASO2'' (arsenyl) 


+5 Species/ 
+7 species 








+7 


AsOa^ (perarsenyl) 








Bismuth 
(Bi) 


+3 


Bi*^ (bisniuthous) 

BiOH*^ (hydroxybismulhous) 
BiO* (bismuthyl) 
Bi02' (metabismuthite) 


+3 Species/ 
+3.5, +4, +5 
Species 








+3,5 


B'uOi (oxide) 










+4 


Bi204 (letroxide) 










+5 


BiOs' (metabismuthite) 
Bi205 (pentoxide) 






B 


Vanadium 
(V) 


+5 


VO2" (vanadic) 

H3V2O?* (pyrovanadate) 
H2 VO4* (orthovanadate) 
VO3' (meiavanadate) 
HVO4"* (orthovanadate) 
Var^ (orthovanadate) 
V2O5 (pentoxide) 
H4V2O7 (pyrovamidic acid) 
HVO3 (raelavanadic acid) 
H^VfiOi? (hexavanadic acid) 


+5 Species/ 
+7, +9 Species 








+7 


VO4' (pen'anadate) 
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VOj' (hypeivaiiadate) 
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GROUP 


SUB 
GROUP 


ELEMENT 


VALENCE 


SPECIES 


SPECIFIC 
REDOX 

COUPLES 


V 


LJ 


^IinHiiiiTi 

(Nb) 




I^UW^ ^JliifUllUUUcilv/ 

Nb04"^ (oTthoniobate) 
Nb205 (pentoxide) 


species 








+7 


NbO/ ( Dcmiobatcl 
Nb-iO? ( Dfimiobic ovidfi^ 
HNb04 (pemiobic acid) 








Tantalum 
(Ta) 


+5 


TaOa" (metatantalatc) 

TaO/^ (ortlioianatalate) 
Ta205 (pentoxide) 
HTaO^ (tantalic acid) 


-1-5 species/ +7 
species 








+7 


Ta04" (penlantalate) 
Ta207 (pertantalate) 
ri iaLi4*tt2vy vpenaniaiic aciQj 




VT 

V I 


A 






HSO4" (bisulfate) 
SO4*- (sulfate) 


+8 Species 








+7 


S2O8*" (dipersulfate) 










+8 


HaSOs (momopersulfijric acid) 








Selenium 
(Se) 


+6 


H2Se204 (selenic acid) 

HSCO4' (biselenatc) 
SeO^'" (selcnatc) 


+6 species/ +7 
Species 








+7 


HaSe-Os (perdiseienic acid) 








Tellurium 
(To) 


+6 


H2TCO4 (telluric acid) 

HTe04' (bitellurate) 
Te04*^ (telluratc) 


+6 species/ +7 
species 








+7 


H2TC2O8 (perdilellenic acid) 








Polonium 
(Po) 


+2 


Po** (polonous) 


+2, +4 species/ 
+6 Species 








+4 


P0O3'" (polonale) 










+6 


P0O3 (peroxide) 
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GROUP 


SUB 
GROUP 


ELEMENT 


VALENCE 


SPECIES 


SPECFFIG 

REDOX 

COLTPLFS 


VI 


B 


Chioniiiun 


+3 


Cr*' (cluDinic) 

ClO^^^ CKOW (chromyls) 

Cr02', CiOs'^ (chromites) 
CfjOi (chromic oxide) 
i-^i\urij3 v.cnn)iTuc nyQiOMac^ 


+3 Species/ 
+4, Mi Species; 
+4 Species/ 
+6 Species 
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C1O2 (dioxide) 
CK0H)4 (hydroxide) 












H2C1O4 (cluomic acid) 
HC1O4" (acid chroniate) 
CrO^'^ (chromate) 
Cr207'" (dichromate) 








Molybdenum 
(Mo) 




HM0O4' (bimolybliate) 

MoO/^ (molydbale) 
M0O3 (inolybdic trioxide) 
H2M0O4 (molybolic acid) 


+6 Species/ 
+7 Species 








+7 


M0O4' (pennolybdate) 








Tungsten 
(W) 


+6 


WO^'^ lungstic) 

WO3 (trioxide) 
H2WO4 (tungstic acid) 


+6 Species/ 
+8 Species 








+8 


WO5'- (pertungstic) 
HaWOs (pertungstic acid) 




VII 


A 


Chlorine (CI) 


-1 


Cr (chloride) 


-1 Species/ +1. 
+3, +5, +7 
Species 








+1 


HCIO (hypochlorous acid) 
CIO' (b^pochtorite) 


+i Species/ "*-3, 
+5, +7 Species; 
+3 Species/ 
+5, +7 Species; 




• 




+3 


HCIO2 (chlorous acid) 
CIO2* (clilorite) 


+5 Species/ 
^/ opecies 








+5 


HCIO3 (chloric acid) 
CIO3' (clilorale) 










+7 


HCIO4 (percWoric acid) 
C104\ HCIO5 CI05'\ CKOo"^ 
(pcrcliloratcs) 
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GROUP 


SUB 

GROU 

P 


ELEMENT 


VALENCE 


SPECIESv 


SPECIFIC 

REDOX 

COUPLES 


vn 


A 


Bromine (Br) 


-1 


Br (bromide) 


-i Species/+1, 

+3, +5, +7 
Species; 








+1 


HBiO (hypobromous acid) 
BrO* fhvDobronihee') 


+i Species/'+-3, 
+5, +7 Species; 
+3 Soecies/ +5 
+7 Species; 








+3 


HB1O2 (bromous acid) 
Bi02' (broniite) 


+5 Species/ +7 
Species 








+5 


HB1O3 (bromic acid) 
B1O3* (bromatc) 










+7 


HBrO^ (pcrbromic acid) 
BrO^', HB1O5 B1O5 ^ BisOs"^ 
(prebromates) 








Iodine 


-I 


r (iodide) 


-I Species/+l, 
+3, +5, +7 
Species; 








+1 


HIO (hypoiodus acid) 
10* (hypoiodite) 


+1 Species/+3, 
+5, +7 Species; 
+3 Species/ +5, 
+7 Species; 








+3 


HIO2 (iodous acid) 
IO2' (ioditc) 


+5 Species/ +7 
Species 










riiU3 (lOQic acia^ 
IO3 (iodate) 










+7 


HIO4 (periodic acid) 
lO^-, HIO5 I IO5 '^ 1209*^ 
(penodatcs) 






B 


Manganese 
(Mn) 


+2 


Mn"*"^ (manganeoiis) 
HMnO:' (diniangaiiite) 


+2 Species/ +3, 
+4, +6, +7 
Species; 
+3 Species/ +4, 
+6, +7 Species: 








+3 


Mn^"* (manganic) 


+4 Species/ +6, 
+7 Species; 








+4 


MnO: (dioxide) 


+6 Species/ +7 
Species 








+6 


Mn04" (manganale) 








+7 


Mn04" (permanganate) 
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GROUP 


SUB 
GROUP 


ELEMENT 


VALENCE 


SPECIES 


SPECIFIC 

REDOX 

COUPLES 


Vili 








HFeOa (dihypoferrite) 


+4, +5, +6 
Species; 








+3 


Fe*' (ferric) 
Fe(OH)'^- 
Fe(0H)2^ 
FeOj'^ferrite) 


+3 Species/+4, 
+5, +6 Species; 


VIII 


Period 4 


Iron (Fe) 


+4 


FeO*^(fen>i) 
r QKJ2 y)eiTernie ) 


+4 Species/ 
+5, +6 Species; 

opecics/ 
+6 Species 








+5 


Fe02*(perfenyl) 










+6 


FeO^*" (ferrate) 








Cobalt (Co) 


+2 


Co"^ (cobalous) 
HC0O2* (dicobaltite) 


+2 Species/ 
+3, +4 Sjxjcies; 
+3 Species/ 
+4 Species 








+3 


Co"^' (cobaltic) 
C02O3 (cobaltic oxide) 










+4 


C0O2 (peroxide) 
H2C0O3 (cobaltic acid) 








Nickel (Ni) 


+2 


Ni** (nickelous) 
NiOH^ 

HNi02' (dinickelite) 
NiO:"' (nickelile) 


+2 Species/ +3, 
+4, +6 Species; 
+3 Species/ 
+4, +6 Species; 
+4 Species/ 
+6 Species 








+3 


Ni^^ (nickelic) 
Ni203 (nickelic oxide) 










+4 


NiO: (peroxide) 










+6 


Ni04"' (nickelaie) 
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GROUP 


SUB 
GROUP 


ELEMENT 


VALENCE 


SPECIES 


SPECIFIC 

REDOX 

COUPLES 


vni 


Period 5 


Ruthenium 
(Ru) 


+2 


Ru"^ 


+2 Species/ +3, 
+4, +5, 46, 47, 
48 Species; 








+3 


Ru"^ 

RU2O3 (sesquioxidc) 
Ru(0H)3 (hydroxide) 


43 Species/ 44, 
45, -K), 47, 48 
Species: 

44 Species/ 
45, +6, 47, 48 
Species; 

45 Species/ 46, 
47, 48 Species; 
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Ru"*^ rnithenic) 

RUO2 (ruthenic dioxide) 

Ru(0H)4 (rutlienic hydroxide) 


+7, 48 Species; 
47 Species/ 
+8 Species 








+5 


RU2O5 (pcntoxide) 










+6 


RuO/^ (ruthenale) 

Ru02'^^(ruthem'l) 
RuOj (trioxide) 












KUv^4 (.perruuienare^ 




• 






+8 


H3RUO4 (hyperuthenic acid) 
HRuOs' (dipemithenate) 
RUO4 (ruthenium teux)xidc) 








Rhodium 
(Rh) 


+1 


Rh^ (hyporhodous) 


41 species/42, 
43, 44, -HS 
Species; 








+2 


Rlf • (rhodous) 


42 Species/ 43, 








+3 


Rlf^ (rhodic) 
RhaOj (sesquioxidc) 


43 Species/ +4, 
46 Species; 

44 Species/ 46 








+4 


Rh02 (rhodic oxide) 
Rli(0H)4 (hydroxide) 








+6 


Rli04"- (ihodaie) 
RhOj (trioxide) 








Palladium 


+2 


Pd^" (palladous) 
PdO/- (palladite) 


42 Species/ 43, 
44, 46 Species; 

43 Species/ 
44, 46 Species; 








+3 


Pd203 (sesquioxidc) 


+4 Species/ 
*t 6 Species 








+4 


Pd 0%^ (palladate) 
Pd02 (dioxide) 
Pd(0H)4 (hydroxide) 








+6 


PdOs (peroxide) 
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GROUP 


SUB 

yjisxj 

UP 


ELEMENT 


VALENCE 


SPECIES 


SPECIFIC 

REDOX 

COUPLES 


VllI 


Period 6 


Iridium (\r\ 


+3 


Ir^^ (iridic^ 

Ir-iO^ ririditiin scsauioxidc'i 
Ir (0H)3 (iridium hydroxide) 


+3 Soecies/ 
+4, +6 Species; 
+4 Soecies/ 
-Ki Species 








+4 


Ir02 (iridic oxide) 

Ir (0H)4 (iridic hydroxide) 










+6 


Ir04*- (iridate) 

IrOa (iridium peroxide) 








Platinum 
(Pt) 


+2 


Pf"(platinous) 


+2, +3 Species/ 
-f4, +6 Species; 








+3 


PI2O3 (sesquioxide) 


+4 Species/ 
-Hi Species 








+4 


PiOx'^ (Dalatinate) 
PtO"^ (platinyl) 
Pt(OH)^^ 

P1O2 (plaionic oxide) 




me 


Rare 
eaiths 


Cerium (Ce) 


+3 


Ce (cerous) 
Ce203 (cerous oxide) 
Ce(0H)3 (cerous hydroxide) 


H-3 Species/ 
+4, +6 Species; 
+4 Species/ 
-H5 Species 








+4 


Ce^', Ce(OH)^', Ce(OH)2'^% 
Ce(0H)3' (eerie) 
Ce02 (eerie oxide) 










+6 


CeOa (peroxide) 








Pmseodvmiu 
m(Pr) ' 


+3 


Pr^^ (praseodymous) 

Pr^Oa (sesquioxide) 
Pr(OH)3 (1^'droxide) 


+3 species/ +4 
species 








+4 


Pr^ (praseodymic) 
P1O2 (dioxide) 








Neodymium 


+3 


Nd^^ 

Nd203 (sesquioxide) 


+3 Species/ +4 
Species 








+4 


Nd02 (peroxide) 








Teitium (Tb) 


+3 


Tb203 (sesquioxide) 


+3 Species/ +4 
Species 








+4 


TbOj (peroxide) 
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GROUP 


SUB 
GROU 

D 

r 


ELEMENT 


VALENCE 


SPECIES 


SPECIFIC 

REDOX 

COUPLES 


nm 


Aclinid 
es 


Thorium (Th) 


+4 


Th^^(thoric) 

TliO^^ (thoiyl) 
HTliOr (thorate) 


+4 Species/ 
Species 










TI1O3 (acid peroxide) 








Uranium (U) 


+6 


UO2 (uianyl) 
UO3 (uranic oxide) 


+6 Species/ +8 
Species 








+8 


HUO5', UO5'' (pemranates) 
UO4 (peroxide) 








Neptunium 
(Np) 




Np02^ (hyponeptunyl) 
NP2O5 (pentoxidc) 


+5 Species/ +6. 
+8 Species; 
+6 Species/ +8 
Species 








+0 


Np02 (ncptunyl) 
Np03 (dioxide) 








To 


Npu4 (peroMOe) 








Plutonium 
(Pu) 


+3 


Pu (hypopiutonous) 


+3 Species/ +4, 








+4 


Pu"^ (plutonous) 

PUO2 (dioxide) 


+4 Species/ +5, 

+5 Species/ +6 
Species 








+5 


Pu02^ (hypoplutonyl) 
PU2O5 (pentoxide) 








t ^ 

+0 


PUO2 (plutonyl) 
PUO3 (peroxide) 








Americium 
(Am) 


+J 


Am^^ (hypoamericious) 


+3 Species/ +4, 
+5, +6 Species; 








+4 


Am^ (aniericous) 
Am02 (dioxide) 
Am(0H)4 (liydroxidc) 


+4 Species/ +5, 
+6 Species; 
+5 Species/ +6 
Species 








+5 


Am02^ (hypoameric>'i) 
Ain205 (pentoxide) 










+6 


Am02^^ (americ> 1) 
AmOj (peroxide) 
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Table 11: Elements Participating as Heteroatoms in Heteropoly anion Complex Anion Redox 
Couple Mediators 



GROUP 


SUB 
GROUP 


ELEMENT 


I 


A 


Lunium (Li), doaium (Na), Potassium (K). and Cesium (Cs) 


D 


Copper (Cu), Silver (Ag), and Gold (Au) 


II 


A 


Deiyiiiuni voej, magnesium (.ivig;, Laicnim vca}« oironuum ^i^rj, ana isanum {.ua) 


n 

D 


Zmc (Zn), Caoimum (Co), and Merciii>' (Hg) 


m 


A 


Boron (B), and Aluniinuui (Al) 


D 


Scandium (be), and Yttnum (Y) - (See Rare Earths) 


TV 
I V 


A 
A 


uaiuon ys^jy ouicon v^i;. uennamum luei, i in anci i^eac (rO) 


B 




V 


A 


Nitrogen (N), Phosphorous (P), Arsenic (As), Antimony (Sb), and Bismuth (Bi) 


B 


Vanadium (V), Niobium (Nb), and Tantalum (Ta) 


VI 


A 


Sulfur (SX Selenimn (Se), and Tellurium (Te) 


B 


Chromium (Cr), Molybdenum (Mo), and Tungsten ( W) 


VII 


A 


Fluorine (F), Clilorine (CI), Bromine (Br), and Iodine (D 


B 


Manganese (Mn), Technetium (Tc), and Rhenium (Re) 


vin 


Period 4 


Iron (Fe), Cobalt (Co), and Nickel (Ni) 


Period 5 


Rutlienium (Ru), Rhodium (Rlt), and Palladium (Pd) 


Period 6 


Osmium (Os), Iridium (Ir), and Platinum (Pt) 


UIB 


Rare Earths 


All 



wherein the oxidizing agents are super oxidizers, and further comprising generating inorganic 
free radicals in aqueous solutions from carbonate, azide, nitrite, nitrate, phosphite, phosphate, 
sulfite, sulfate, selenite, thiocyanate, chloride, and formate oxidizing species, wherein the super 
oxidizers have an oxidation potential above a threshold value of 1.7 volts at 1 molar, l^C and 
pHL 

97. (Previously presented) The system of claim 89, further comprising a membrane 
separating the anolyte portion and a catholyte portion of the electrolyte, wherein the membrane is 
an ion-selective membrane, or semi permeable membrane, microporous polymer membrane, 
porous ceramic membrane, or glass frit. 

98. (Currently amended) Apparatus for treating and oxidizing Sharps I into ions 
in solution in the anolyte and sterilizing Sharps II and destroying biological and organic 
waste materials comprising an electrochemical cell, an aqueous electrolyte disposed in the 
electrochemical cell, a semi permeable membrane, ion selective membrane, microporous 
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membrane, porous ceramic or glass frit membrane disposed in the electrochemical cell for 
separating the cell into anolyte and catholyte chambers and separating the anolyte and 
catholyte portions, electrodes further comprising an anode and a cathode disposed in the 
electrochemical cell respectively in the anolyte and catholyte chambers and in the anolyte 
and catholyte portions of the electrolyte, a power supply connected to the anode and the 
cathode for applying a direct current voltage between the anolyte and the catholyte portions 
of the electrolyte, and oxidizing of the materials in the anolyte portion with a mediated 
electrochemical oxidation (MEO) process wherein the anolyte portion further comprises a 
mediator in aqueous solution for producing reversible redox couples used as oxidizing 
species and the electrolyte is an acid, neutral or alkaline aqueous solution, wherein the 
mediator oxidizing species are selected from the group consisting of (a.) simple ion redox 
couples described in Table I as below; (b.) Type I isopolyanions complex anion redox 
couples formed by incorporation of elements in Table I or mixtures thereof as addenda 
atoms; (c.) Type I heteropolyanions complex anion redox couples formed by incorporation 
into Type I isopolyanions as heteroatoms any element selected from the group consisting of 
the elements listed in Table II either singly or in combination thereof, or (d.) 
heteropolyanions complex anion redox couples containing at least one heteroatom type 
element contained in both Table I and Table II below or (e.) combinations of the mediator 
oxidizing species from any or all of (a.), (b.), (c), and (d.) 
Table I: Simple Ion Redox Couples 



GROUP 


SUB 
GROUP 


ELEMENT 




SPECIES 


SPECIFIC REDOX 
GbUPLES 


I 


A 


None 










B 


Copper (Cu) 


+2 


Cu**(cupric) 

HCu02{bicuprite) 
CuOy^ (cuprite) 


+2 Species/ +3, +4 
Species; 

+3 Species/ +4 Species 








+3 


Cu^^ 

Cu02* (cupralc) 
CU2O3 (sesquioxidc) 










+4 


CUO2 (peroxide) 








Silver (Ag) 


+1 


Ag^(argcntous) 
AgO* (argeniiie) 


+1 Species/ +2, +3 
Species; 

+2 Species/ +3 Species 








+2 


Ag' (argentic) 
AgO (argentic oxide) 
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+3 


AgO^ (argcnlyl) 
Ag203 (sesquioxide) 




Gold (Au) 


+1 


Au*^ (aufous) 


+1 Species/ +3, +4 
Species; 

+ 3 Species/ +4 Species 


+3 


Au""^ (auric) 
AuO' (autyl) 
H3AUO3' (auric acid) 
H2AUO3" (monoauarate) 
HAu03'^(diaurale) 
AuOa'^ (triaurate) 
AU2O3 (auric oxide) 
Au(0H)3 (auric Iwdroxide) 


+4 


AUO2 (peroxide) 


II 


A 


Magnesium 
(Mg) 


+2 


Mg^* (magnesic) 


+2 Species/ +4 Species 


+4 


MgO^ (peroxide) 


Calcium 
(Ca) 


+2 


Ca"' 


+2 Species/ +4 Species 


+4 


Ca02 (peroxide) 


Strontium 


4-2 




+2 Species/ +4 Species 


+4 


Sr02 (peroxide) 


Barium (Ba) 


+2 
+4 


Ba*^ 

Ba02 (peroxide) 


+2 Species/ +4 Species 
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GROUP 


SUB GROUP 


ELEMENT 


VALENCE 


SPECIES 


SPECrFTC 
REDOX 

COUPLES 


11 


B 


Zinc (Zn) 


+2 


Zn^" (zincic) 

ZnOH* (TincvVi 
HZnOsXbizincale) 
Zn02"^ (zincaie) 


+2 Species/ 
+4 Species 


+4 


Zn02 (peroxide) 


Is 


+2 


Hg"^^ (mercuric) 

Hg(0H)2 (mercuric 
hydroxide) 
HHgOV (inercuraie) 


+2 Species/ 
+4 Species 


+4 


Hg02 (peroxide) 


III 


A 


Boron 


+3 


H3BO3 (orthoboric acid) 

H2B03; HBO3'-, B03^ 

BO{ (metaboratc) 
H2B4O7 (tetraboric acid) 

(teuaboraies) 
B204'^(diborate) 
BfiOio'^ (hexaborate) 


+3 Species/ 
+4.5, +5 
Species 


+4.5 


B2O5' (diborate) 


+5 


B037B02''H20 


Tliallium 
(Tl) 




TT*"' Ahfi linnet 


+3 or +3.33 
Species; 
+3 Species/ 
+3.33 Species 


+3 


(Uiaiiic) 

T!0\ TiOH'^^ Tl(OH)2^ 
(lliallyl) 

TI2O3 (sesquioxide) 
T1(0H)3 (hydroxide) 


+3.33 


TI3O5 (peroxide) 


B 


See Rare 
Eartlis and 
Actiiiides 
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GROUP 


SUB 
GROUP 


ELEMENT 


yALENCE 


SPECIES 


SPECIFIC 

REDOX 

COUPLES 


IV 


A 


Caiton (C) 


+4 


H2CO3 (caitoiiic acid) 

HCO3 (bicaibonate) 
CX){^ (caiiwnate) 


+4 Species/ 
+5, Species 








+5 


H2C2O6 (peidicaibonic acid) 










+6 


H2CO4 (permonocaibonic acid) 




- 




Gennaniuin 
(Ge) 


+4 


H2Ge03 (gennanic acid) 

HGeO/ (bigemianiate) 
GeO^*^ (genninatc) 
Ge^" (gennanic) 
Ge04'' 

H2Ge205 (digermanic acid) 
H2Ge^09 (tetragermanic acid) 
HaGesOn (pentagermanic acid) 
HGcsOh" (bipentagermattate) 


+4 Species/ 
+6 Species 








-^6 


Ge.^Ou"^ (pentagermanate) 








Tin(Sn) 


+4 


Sn"^ (stannic) 

yi/UIUl ■lull 

SnO'^ f stannic o\ide^ 
Sn(0H)4 (stannic hydroxide) 


+4 Species/ 
+7 Species 








+7 


kjiiv^4 ^j^i^tdicuuiciiv^ 










+2 
• * 


Ph*^^ ^nliimhniiO 
HPhO<>' <T)inliiiTihite^ 


Species/+4 
Species 










PhOH^ 












rov/o \^piuinDiicj 












PbO (pluinbus oxide) 










+2.67 


Pb304 (plumbo-plumbic oxide) 










+3 


Pb203 (sequioxide) 




IV 


A 


Lead(Pb) 


+4 


Pb^ (plumbic) 


+2, +2.67, +3 

Species/+4 

Species 










PbOa"^ (metapluinbate) 










HPb03" (acid metaphimbate) 












PbO/'' (orthoplumbate) 












PbOz (dioxide) 
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GROUP 


SUB 
GROUP 


ELEMENT 


VALENCE 


SPECIES 


SPECIRC 

REDOX 

COUPLES 


IV 


n 


Titanium 




1 lU (pertitaiiyl) 

HTiO/ titanate) 
TiOi (dioxide) 


+4 bpecies/ 
+6 Species 








+6 


Ti02'*(pcititan)i) 
HT1O4' (acid peititanaie) 
Ti04'" (periitanate) 
TiO^ (peroxide) 








Zirconium 
(Zr) 


+4 


Zr^ (zirconic) 

ZrO*" (zirconyl) 
HZr03' (zirconate) 


+4 Species/ +5, 
+6, +7 Species 








+5 


ZfaOs (penloxide) 










+6 


Z1O3 (peroxide) 










+7 


Zr207 (lieptoxide) 








Hafnium 
(HO 


+4 


Hf^ (hafiiic) 
MfD"^' (liafnyi) 


+4 Species/ 
+6 Species 










HfOa (peroxide) 




V 


A 


Nitrogen 


+5 


HNO3 (nitric acid) 
NO3' (nitrate) 


-i-5 species/ 
+7 Species 








+7 


HNO4 (pernilric acid) 








PIviQnImriic 

(P) 




H2P04" (monoorthophosphatc) 
HPO4'* (diorthophospliate) 
POa^ (triortliophosphate) 
HPO3 (inetaphosptioric acid) 

H4P2O7 (pn ophosphoric acid) 
H5P3O10 (triphosphoric acid) 
H6P4O13 (tetrapliosphoric acid) 


+6, +7 species 


V 


A 


Phosphorus 
(P) 


+6 
+7 


H.jP2Q8 (perphosphoric acid) 
H3PO5 (monoperphosphoric acid) 


+5 Species/ 
+6, +7 Species 



60 



GRoqp 


SUB 
GROUP 


ELEMENT 


VALENCE 


SPECIES 


SPECIFIC 

REDOX 

COUPLES 


V 


A 


: — 

Arsenic (As) 




HjAsu^i (oruio-arseiuc acid) 

H2ASO4" (mono ortho-arsenate) 
H AsOa"^ (di-ortho-arsenate) 
AsO^'^ (Iri-ortho-arsenate) 
As02^ (arsenyl) 


+5 Species/ 
+7 species 








+7 


AsOs"^ (perarsenyl) 








Bismuth 
(Bi) 


+3 


Bi*^ (bismuthous) 

BiOH"^^ (liydroxybismuthous) 
BiO"" (bismutliyl) 
Bi03" (metabismuthite) 


+3 Species/ 
+3.5, +4, +5 
Species 








+3.5 


Bi407 (oxide) 










+4 


Bi204 (tetroxide) 










+5 


BiOj' (metabismuthite) 
Bi205 (pcntoxidc) 






B 


Vanadium 

(V) 


+5 


V02*(vanadic) 

H3V2O7" (pyrovanadate) 
H2VO4 (onhovanadate) 
VO3' (metavanadate) 
HV04*^ (onhovanadate) 
V04*^ (orthovanadiite) 
V2O5 (pentoxide) 
H4V2O7 (pyrovanadic acid) 

HVO3 (metavanadic acid) 
H4VftOi? (hexavanadic acid) 


+5 Species/ 
+7, +9 Species 








+7 


VO4' (pervareidate) 










+9 


VO5' (hypcrvanadate) 
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GROUP 


SUB 
GROUP 


ELEMENT 


VALENCE 


:SPEGIES|g:;^ 


SPECIFIC 

REDOX 

COUPLES 


V 


B 


Niobium 
(Nb) 


+5 


NbOs' (metaniobate) 

Nb04'*^(orthoniobalc) 
Nb205 (pentoxide) 
HNbOs (niobid acid) 


+5 Species/ +7 
species 








+7 


NbO/ (pcmiobate) 

Nh'«0^ ^n^mifiHir nviH^^ 

HNbO^ ( Dcmiobic acid^ 








Tantalum 
(Ta) 


+5 


TaOa' (metatantalate) 

TaO^*^ (orthotanatalate) 
Ta205 (pentoxide) 
HTaOj (lantalic acid) 


+5 snecies/ +7 
species 








+7 


Ta04' (pentantalate) 
TaaO? (pertantalate) 
HTa04'H20 (pertantalic acid) 




VI 


A 


Sulfur (S) 


16 


H2SO4 (sulfuric acid) 

HSO4' (bisulfate) 
S04"^ (sulfate) 


« 6 Species/ -»-7, 
+8 Species 








+7 


SoO«^ rdiDersulfate") 










+8 


H-i^O^- /^tnrimrtrv^rciilfiirif ni^iH^ 








Selciiium 
(Sc) 


+6 


H2Se204 (selenic acid) 

HSe04' (biseleiiaie) 
SeO^'" (selenate) 


+6 SDCcies/ +7 
Species 








+7 


H2Se208 (perdiselenic acid) 








Tellurium 
(Te) 




H2Te04 (telluric acid) 

HTeOj' (bitellurate) 
Tc04'^ (tclluratc) 


+6 species/ +7 
species 








+7 


H2Te208 (perditellenic acid) 








Polonium 
(Po) 


+2 


Po^^ (polonous) 


+2, -♦•4 species/ 
+6 Species 








+4 


PoOV^ (polonate) 










+6 


P0O3 (peroxide) 
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GROUP 


SUB 
GROUP 


ELENdENT 


VALENCE 


SPECIES 


SPECIFIC 

REDOX 

COUPLES 


VI 


B 


Cluoniiiun 


+3 


Cr*^ (cliroinic) 

CiOH*-, Ct(OW (chromyls) 

C1O2 . CiOa"^ (chromites) 
CfjOi (chromic oxide) 


+3 Species/ 
+4^ +6 Species; 
+4 Species/ 
+6 Species 








44 


C1O2 (dioxide) 
Cr(0H)4 (hydroxide) 










+6 


H2C1O4 (cluomic acid) 
HC1O4" (acid chroniate) 

(chromate) 
Cr207'^ (dicliromate) 








Molybdenum 
(Mo) 


-HS 


HM0O4' (bimolybhatc) 

MoO^'^ (molydbate) 
M0O3 (molybdic trioxide) 
H^MoOi) (inolybolic acid) 


+6 Species/ 
+7 Species 








+7 


M0O4* (pennolybdaie) 








Tungsten 
(W) 


+6 


WOii'^ tungstic) 

WO3 (trioxide) 
H2WO4 (tungstic acid) 


+6 Species/ 
+8 Species 








+8 


WO5'' (pertungstic) 
H2 WO5 (pertiingstic acid) 




Vll 


A 


Chlorine (CI) 


-1 


CI' (chloride) 


-1 Species/ +1, 
+3, +5, +7 
Species 








+1 


HCIO (hypochlorous acid) 
CIO* (hypocWorite) 


+ 1 Species/ +3, 
•^"5, +7 Species; 
+3 Species/ 
+5, +7 Species; 








+3 


HCIO2 (chlorous acid) 
Ci02* (cWorite) 


+5 Species/ 

4*7 SnecieQ 








+5 


HCIO3 (chloric acid) 
CIO3' (cWorate) 










+7 


HCIO4 (peicliloric acid) 
C104% HCIO5 ', CIO5 ClsO^'^ 
(percliloratcs) 
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GROUP 


SUB 

GROU 

p 


ELEMENT 


VALENCE 


SPECIES 


SPECIFIC 

REDOX 

COUPLES 


vn 


A 


Bioiiune (Br) 


-1 


Bf (bromide) 


-1 Species/+I. 

+3, +5, +7 
Species; 








+1 


HBiO (hypobromous acid) 


+1 Species/+3, 
+5, +7 Species; 

+7 Species; 








+3 


HBrO: (broiiious acid) 
Bi02' (broniite) 


+5 Species/ +7 








+5 


HB1O3 (bromic acid) 
B1O3" (bromate) 










+7 


HBrO^ (peibromic acid) 

Bi04; HB1O5 B1O5 ^ BraO/ 
(prebromates) 








Iodine 


-1 


r (iodide) 


-1 Species^ 1, 
+3, +5, +7 
Species; 








+1 


HIO (hypoiodus acid) 
TO* ^hvnoindite^ 


+ 1 Species/+3, 
+5, +7 Species; 
+'1 Snecies/ +5 
+7 Species; 








+3 


HIO2 (iodous acid) 
102'(iodite) 


+5 Species/ +7 
Species 








+5 


HIO3 (iodic acid) 

IO3* (iodate) 










+7 


HIO4 (periodic acid) 
10/, HIO5'-, 105 ^ I2O9' 
(pcriodates) 






B 


Manganese 
(Mn) 


+2 


Mn*^ (manganeoiis) 
HM11O2' (dinianganile) 


+2 Species/ +3, 
+4, +6, +7 
Species; 
+3 Species/ +4, 
+6, +7 Species; 








+3 


Mn*^ (manganic) 


+4 Species/ +6, 
+7 Species; 








+4 


Mn02 (dioxide) 


+6 Species/ +1 
Species 








+6 


Mn04'" (manganate) 








+7 


MnO/ (permanganate) 
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GROUP 


SUB 
GROUP 


ELEMENT 


VALENCE 


SPECIES 


SPECEFIC 

REDOX 

COUPLES 


VTII 
Viii 


rCnOQ 4 


iron [T^) 




re (.lenousj 
HFeOa (dihypofenite) 


^z opcviea/^jj 
+4, +5, +6 
Species; 








+3 


Fe*^ (ferric) 
Fe(OH)^- 
Fc(0H)2"' 
Fe02'^(femle) 


+3 Species/+4, 
+5, +6 Species; 


VllI 


Period 4 


Iron (Fe) 


+4 


FeC^^Cfen}'!) 
Fe02 (perfemie) 


+4 Species/ 
+5, +<) Species; 
+5 dpecies/ 
+6 Species 








+5 


FeO." (perfenyl) 










+6 


FeO^*^ (ferrate) 








Cobalt (Co) 


+2 


Co^^ (cobalous) 
HC0O2' (dicobaltitc) 


H-2 Species/ 
4-3, +4 Species; 
-I-3 Species/ 
H-4 Species 








+3 


Co"^^ (coballic) 
C02O3 (coballic oxide) 










+4 


C0O2 (peroxide) 
H2C0O3 (coballic acid) 








Nickel (Ni) 


+2 


Ni^" (nickelous) 
NiOHT 

HNiO/ (dinickelite) 
NiO:** (nickelite) 


H-2 Species/ +3, 
H-4, +6 Species; 
H-3 Species/ 
H-4, +6 Species; 
H-4 Species/ 
Species 








+3 


Ni^' (nickelic) 
Ni203 (iiickelic oxide) 










+4 


NiO: (peroxide) 










+6 


Ni04*~ (nickelalc) 
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GROUP 


SUB 
GROUP 


ELEMENT 


VALENCE 


SPECIES 


SPECIFIC 
REDOX 

COUPLES 


vni 


Period 5 


Ruthenium 
(Ru) 


+2 


Ru"^ 


+2 Species/ +3, 
+4 +5 -KS +7 
+8 Species; 








+3 


Ru^^ 

RU2O3 (sesquioxide) 
Ru(0H)3 (hydroxide) 


+3 Species/ +4, 
+5, +6, +7, +8 
Species; 
+4 Species/ 
+5, +7, +8 
Species; 
+5 Species/ +6, 
+7, +8 Species; 








+4 


Ru*^ (nithenic) 

RuO: (rulhcnic dioxide) 

Ru(0H)4 (rutJienic hydroxide) 


+6 Species/ 
+7, +8 Species; 
+7 Species/ 
+8 Species 








+5 


RU2O5 (pentoxide) 










+6 


RuO/^ (rotlienale) 
RuOz"^* (rutlicml) 
RUO3 (trioxide) 










+7 












+8 


H2RUO4 (hyperuthenic acid) 
HRuOs' (dipemithenate) 
RUO4 (rothenium letroxide) 








Rhodium 
(Rh) 


+1 


Rh^ (h>'porhodous) 


+1 Species/+2, 
+3, +4, +6 
Species; 








+2 


Rh*- (rtiodous) 


+2 Species/ +3, 








+3 


Rh"-" (rhodic) 
RhaOj (sesquioxide) 


+3 Species/ +4, 
+6 Species; 
+4 Species/ +6 








+4 


Rh02 (rhodic oxide) 
Rn(OH)4 (hydroxide) 










RI1O4'- (iliodaie) 
RhOj (trioxide) 








Palladium 


+2 


Pd (palladous) 
PdOz'- (palladite) 


+2 Species/ +3, 
+4, +<3 Species, 
+3 Species/ 
+4, +6 Species; 








+3 


Pd203 (sesquioxide) 


+4 Species/ 
» 6 Species 








+4 


Pd 03'^ (palladate) 
Pd02 (dioxide) 
Pd(0H)4 (hydroxide) 








-HS 


Pd03 (peroxide) 
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GROUP 


SUB 

kJjWJ 

UP 


ELEMENT 


VALENCE 


SPECIES 


SPECIFIC 

REDOX 

COUPLES 


VUl 


Period 6 


Iridiiim {\t\ 


+3 


Ir^^ f iridic^ 

IftOi riridiiiTn cf^cniiinyiHf*^ 
Ir (OH)-* firidium hvdroxide) 


+4, +6 Species; 
+<i Species 








+4 


I1O2 (iridic oxide) 

Ir (0H)4 (iridic hydroxide) 










+6 


Ii04*^ (iridale) 

I1O3 (iridium peroxide) 








Platinum 
(Pt) 


+2 


Pl^-(platinous) 


+2, +3 Species/ 
+4, +6 Species; 








+3 


Pt^Oa (sesquioxide) 


+4 Species/ 
+6 Species 








+4 


PtO*'^ rnalatinate') 
PtO^^(piatin>'l) 

pt(OHr^ 

Pt02 (platonic oxide) 


IIIB 


Rare 
earths 


Cerium (Ce) 


+3 


" _ -TV'- - 

Ce (cerous) 
Ce203 (cerous oxide) 
Ce^OH^i fcerous hvdroxide^ 


+3 Species/ 
+4, +6 Species; 
+4 Species/ 
+6 Species 








+4 


Cc^\ Ce(OH)^^ Ce(0H)2'^^ 
Ce(OH)3^ (eerie) 
Ce02 (eerie oxide) 










+6 


CeOa (peroxide) 








Piaseodymiu 
m(Pr) ' 


+3 


Pr^^ (praseodymous) 

PfzOj (sesquioxide) 
Pr(0H)3 (In droxide) 


+3 species/ +4 
species 








+4 


Pr^ (praseodymic) 
P1O2 (dioxide) 








Neodymium 


+3 


Nd^' 

Nd203 (sesquioxide) 


+3 Species/ +4 
Species 








+4 


Nd02 (peroxide) 








Teibium (Tb) 


+3 


Tb203 (sesquioxide) 


+3 Species/ +4 
Species 








+4 


Tb02 (peroxide) 
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frffrrrrrriM 






I 1,1 1 II — ^M^M 
































niB 


Actinid 
es 


Thorium (Th) 


+4 


Th'^'Ohoric) 
ThO"^^ (thoiyl) 


+4 Species/ +6 
Species 












HTIKDV (thorate) 










+6 


TI1O3 (acid peroxide) 








Uranium (U) 




U02^- (uranyl) 
UO3 (uranic oxide) 


Species 








+8 


HU05',U05'' (peniranates) 














UO4 (peroxide) 








Neptunium 
(Np) 


+5 


Np02^ (hyponeptunyl) 


+5 Species/ +6, 
+8 Species; 
+6 Species/ +8 
Species 










NpO:^' (neptunyi) 












NpOj (trioxide) 










+8 


Np04 (peroxide) 








r lUlUIUUlil 

(Pu) 


+3 


ru (.uypupiuionous^ 


+3 Species/ +4, 
+5, +0 bpccies, 








+4 


Pu"^ (plutonous) 
PUO2 (dioxide) 


+4 Species/ +5, 
+6 Species; 
+5 Species/ +6 
Species 








+5 


PuO:^ (hypoplutonyl) 














PU2O5 (pcntoxide) 
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Pu02'"^ (plutonyl) 














PUO3 (peroxide) 








Americiuin 
(Am) 


+3 


Ani"^^ (hypoamericious) 


+3 Species/ +4, 
+5, +6 Species; 








+4 


Ani^ (aniericous) 
Am02 (dioxide) 
Am(0H)4 (hydroxide) 


+4 Species/ +5, 
+6 Species; 
+5 Species/ +6 
Species 








+5 


Ani02^ (hypoamericyl) 














AinaOs (pcntoxide) 










+6 


Am02^^ (americ>'i) 














AmOj (peroxide) 





6S 



Table 11: Elements Participating as Heteroatoms in Heteropolyanion Complex Anion Redox 
Couple Mediators 



GROUP 


SUB 
GROUP 


ELEMENT • ^: - . 


1 


A 

A 


Lithium (Li), Soaiuin (Na), rotassium (K)^ and Cesium (Cs) 


B 


Copper (Oi), biiver (Ag), ana Oola (Au) 


II 


A 


OCiyillUIil [Di^jj IVlagllColUIIl v..alLlllIil \\^€L)f olK/IlUUlll \Ot/f <UUJ Dolllilll 


D 


^inc (^n), Laoinium (Ca), ana Mercui>' (Hg) 


III 


A 

A 


Boron (B), arul Aluminum (Al) 


o 


C .. /Cj>»\ \/'4>«M<>aM /A/A /Oyv^H Da-ma 

bcanamm (oc), ana Yitnum ( Y) - (boe Kare tanns) 


TV 
1 V 


A 


L.anx)n ouicon v^i^ uentianiuni v^^^ i^^u ^on^ ana i^eaa 


n 

D 


Tiinnnini ^Ti^ Zirmniiinn f7r\ sifvl T-larnhim ^VIH 
t luiiiiuiii V ^ '/^ ^iKvUiuuiii v,i4Cii ctiiu noiiuiuu \ni) 


V 


A 


Nitrogen (N). Phosphorous (P), Arsenic (As), Antimony (Sb), and Bismuth (Bi) 


B 


Vanadium (V), Niobium (Nb), and Tantalum (Ta) 


VI 


A 


Sulfur (S), Selenium (Se), and Tellurium (Te) 


B 


Chromium (Cr), Molybdenum (Mo), and Tungsten (W) 


VII 


A 


Fluorine (F), Clilorine (CI), Bromine (Br), and Iodine (I) 


B 


Manganese (Mn), Technetium (To), and Rlienium (Re) 


VUI 


Period 4 


Iron (Fe), Cobalt (Co), and Nickel (Ni) 


Period 5 


Ruthenium (Ru), Rhodium (R10^ and Palladium (Pd) 


Period 6 


Osmium (Os), Iridium (Ir), and Platinum (Pt) 


IIIB 


Rare Earths 


All 



wherein the anolyte portion further comprises super oxidizers, ions with an oxidation potential 
above a threshold value of T7 volts at 1 molar, 25**C and pH 1, which generate inorganic free 
radicals in aqueous solutions, for involving in a secondary oxidation process for producing 
oxidizers, and organic free radicals for aiding the process and breaking down Sharps I into ions 
in solution in the anolyte and the biological and organic materials involved with Sharps II and III 
into simpler smaller molecular structure biological and organic compounds,. 

99. (Currently amended) Apparatus for treating and oxidizing Sharps I into ions in 
solution in the anolyte and sterilizing Sharps II and destroying biological and organic waste 
materials comprising an electrochemical cell, an aqueous electrolyte disposed in the 
electrochemical cell, a semi permeable membrane, ion selective membrane, mioroporoua 
mombrano, porous ceramic or glass frit membrane disposed in the electrochemical cell for 
separating the cell into anolyte and catholyte chambers and separating the anolyte and catholyte 
portions, electrodes further comprising an anode and a cathode disposed in the electrochemical 
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cell respectively in the anolyte and catholyte chambers and in the anolyte and catholyte portions 
of the electrolyte, a power supply connected to the anode and the cathode for applying a direct 
current voltage between the anolyte and the catholyte portions of the electrolyte, and oxidizing of 
the materials in the anolyte portion with a mediated electrochemical oxidation (MEO) process 
wherein the anolyte portion further comprises a mediator in aqueous solution for producing 
reversible redox couples used as oxidizing species and the electrolyte is an acid, neutral or 
alkaline aqueous solution, wherein the mediator oxidizing species are selected from the group 
consisting of (a,) simple ion redox couples described in Table I as below; (b.) Type I 
isopolyanions complex anion redox couples formed by incorporation of elements in Table I, or 
mixtures thereof as addenda atoms; (c.) Type 1 heteropoly anions complex anion redox couples 
formed by incorporation into Type I isopolyanions as heteroatoms any element selected from the 
group consisting of the elements listed in Table II either singly or in combination thereof, or (d.) 
heteropolyanions complex anion redox couples containing at least one heteroatom type element 
contained in both Table I and Table II below or (e.) combinations of the mediator oxidizing 
species from any or all of (a.), (b.), (c), and (d.) 
Table I: Simple Ion Redox Couples 



GROUP 


SUB 

cmoup > 


ELEMENT 






SPECIFIG REDOX 


I 


A 


None 








B 


Copper (Cu) 


+2 


Cu'^(cupric) 

HCu02(bicuprite) 
CnOi^ (cuprite) 


+2 Species/ +3, +4 
Species; 

+3 Species/ +4 Species 


+3 


CuOV (cuprate) 
C112O3 (sesquioxide) 


+4 


CUO2 (peroxide) 


Sih'er(Ag) 


+1 


Ag^(aigcnlous) 
AgO'(argentite) 


+1 Species/ +2, +3 
Species; 

+2 Species/ +3 Species 


+2 


Ag* (argentic) 
AgO (argentic oxide) 


+3 


AgO^ (argentyl) 
AfoO^ (sesquioxide) 


Gold (Au) 


+1 


Au^ (aureus) 


+1 Species/ +3, +4 
Species; 

+ 3 Species/ +4 Species 


+3 


Au'^^ (auric) 
AuO' (auo'l) 
H3AUO3" (auric acid) 
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H2Au03* (monoauarale) 
HAu03'^(diaurate) 
AuOi'^ (Uiauralc) 
AU2O3 (auric oxide) 
Au(0H)3 (auric hydroxide) 




+4 


AUO2 (peroxide) 


n 


A 


Magnesium 
(Mg) 


+2 


Mg^- (inagnesic) 


+2 Species/ +4 Species 


+4 


Mg02 (peroxide) 


CaJcium 
(Ca) 


+2 




+2 Species/ +4 Species 


+4 


CaO: (peroxide) 


Strontium 


+2 




+2 Species/ +4 Species 


+4 


Sr02 (peroxide) 


Barium (Ba) 


+2 
+4 


Ba"^ 

BaO: (peroxide) 


+2 Species/ +4 Species 
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II 


B 


Zinc (Zn) 


+2 


Zn^" (zincic) 

HZn02'(bixincate) 
ZnOs'* (zincate) 


+2 Species/ 
+4 Species 


+4 


Zn02 (peroxide) 


Mercury 
(Hg) 


+2 


Hg*^ (mercuric) 

Hg (0H)2 (mercuric 
hydroxide) 
HHg02' (mercuraie) 


+2 Species/ 
+4 Species 


+4 


HgOs (peroxide) 


III 


A 


Boron 


+3 


H3BO3 (orthoboric acid) 

H2BO3', HBO3 % BO3 ' 
(^oruioDoiaies ) 
BO2 (metaborate) 
H2B4O7 (tetraboric acid) 

(tetraborates) 
B204'^(diboralc) 
BrjOio'^ (hexaborale) 


+3 Species/ 
+4.5, +5 
Species 


+4.5 


BvOs" (diborate) 


+5 


B03VB02**H20 
vperDoiaie ) 


1 iidiiiurn 
(Tl) 


■rl 




+1 Species/ 
+3 or+3.33 
Species; 
+3 Species/ 
+3.33 Species 


+3 


Tr(Uiallic) 

T\0\ TIOH^^ TI(OH)2'^ 
(Uiallyl) 

TI2O3 (scsquioxide) 
T1(QH)3 (hydroxide) 


+3.33 


TIjOs (peroxide) 


B 


See Rare 
Eartlis and 
Actinides 
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GROUP- 


SUB 
GROUP 


ELEMENT 


VALENCE 


SPECIES 


SPECIFIC 

REDOX 

COUPLES 


IV 


A 


Caiboii (C) 


+4 


H2CO3 (caitoiiic acid) 

HCO3' (bicaibonaie) 
COs'^ (caitwnate) 


+4 Species/ 
+5, +6 Species 








+5 


H2C2O6 (perdicattonic acid) 










+6 


H2C04(penTionocaibonic acid) 








Gemianiuin 
(Ge) 


+4 


H^GeOi (germanic acid) 

HGeOs' (bigermaniate) 
GeO.^"^ (genninate) 
Ge^'* (genmnic) 
Ge04"' 

H2Ge205 (digermanic acid) 
H2Ge409 (tetragermanic acid) 
HaGesOii (pentagemianic acid) 
HGesOiT (bipentagermanate) 


+4 Species/ 
+6 Species 








+6 


GcsOu" (pentagermanale) 








Tin(Sn) 


+4 


Sn^ (stannic) 

Sn(0H)4 (stannic hydroxide) 


+4 Species/ 
+7 bpecies 








+7 














HPhOV ^tnliiiTihil^^ 


Species/+4 
Species 






















rov/o vpiuinDue^ 












PbO (pluinbus oxide) 










+2.67 


Pb304 (plumbo-pluinbic oxide) 










+3 


Pb203 (sequioxide) 




IV 


A 


Lcad(Pb) 


+4 


Pb^ (plumbic) 


+2, +2,67, +3 

Species/+4 

Species 










PbO/^ (inctaplumbate) 










HPbOa* (acid metaplumbafe) 












Pb04'^ (orthoplumbate) 












Pb02 (dioxide) 





73 















IV 
1 V 


D 


1 iianiuni 


-1-4 


1 i\j [pQnndixy i ) 

HTi04" titanate) 
Ti02 (dioxide) 


opecics/ 
+6 Species 








+6 


Ti02' ^ (pertitanyl) 
HTi04 (acid periilanate) 
TiOa^ (peititanate) 
TiOs (peroxide) 








Zirconium 
(ZD 


+4 


Zr^ (zirconic) 

ZtO"^ (zirconyl). 
HZ1O3' (zirconate) 


+4 Species/ +5, 
+65 +7 Species 








+5 


ZfjOs (pentoxide) 










+6 


Zr05 (peroxide) 










+7 


ZtaO? (heploxide) 








Hafnium 
(Hf) 


+4 


Hr'(liafnic) 
HfO^- (hafnyl) 


+4 Species/ 
+6 Species 










HfOa (peroxide) 




V 


A 


Niliogen 


+5 


HNO3 (nitric acid) 
NO3" (nitrate) 


+5 species/ 
+7 Species 








+7 


HNO4 (pernilric acid) 








(P) 


+5 


H2PO4' (monoorthophosphate) 
HPO^'^ (diorthophosplwte) 
PO^'^ (triorthophosphale) 
HPO3 (metaphosphoric acid) 

H4P2O7 (pi> ophosphoric acid) 
H5P3O10 (triphosphoric acid) 
H6P4O13 (telraphosphoric acid) 


+6, +7 species 


V 


A 


Phosphonis 
(P) 


+7 


H4P2O8 (peiphosphoric acid) 
H3PO5 (monoperphosphoric acid) 


+5 Species/ 
+6, +7 Species 
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GROUP 


SUB , 
GROUP 


ELEMENT 


VALENCE 


SPECIES/ 

— ' "^^^ ' - . " . ^ 


SPECIFIC 

REDOX 

COUPLES 


V 


A 

A 


Arsenic (.as^ 




H3ASO4 (ortho-arsenic acid) 

H2ASO4' (mono ortho-arscnate) 
HAsO/^ (di-ortho-arsenate) 
AsO/^ (tri-ortho-arsenate) 
As02^ (arsenj'l) 


+5 Species/ 
+7 species 








+7 


AsOa* (perarsenyl) 








Bismuth 
(Bi) 


+3 


Bi*^ (bismuthous) 

BiOH^' (hydroxybismuthous) 
BiO"" (bismulhyl) 
Bi02' (metabismuthite) 


+3 Species/ 
+3.5, +4, +5 
Species 








+3.5 


Bi40? (oxide) 










+4 


Bi204 (telroxide) 










+5 


BiOs' (metabismuthite) 
Bi205 (pcntoxidc) 






B 


Vanadium 
(V) 


+5 


VO2* (van^ic) 

HaVsO?' (pyrovanadate) 
H2VO4 (orthovanadate) 
VOa" (metavanadate) 
HVO4'" (orthovanadate) 
VO^'^ (orthovanadate) 
V2O5 (pentoxide) 
H4V2O? (pyrovanadic acid) 

HVO3 (metavanadic acid) 
H4VftOi? (hexavanadic acid) 


+5 Species/ 
+7, +9 Species 








+7 


VO4' (pervanadate) 










+9 


VO5' (hypcivanadate) 
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GROUP 


SUB 
GROUP 


ELEMENT 


VALENCE 


SPECIES 


SPECIFIC 

REDOX 

COUPLES 


V 


B 


Niobium 
(Nb) 


+5 


NbOs" (metaniobate) 

Nb04^(orthoniobate) 
Nb205 (pentoxide) 
HNb03 (niobid acid) 


+5 Species/ +7 
species 








+7 


NbO/ (pemiobate) 

iND2v/7 VpcnUOl/lC QAIUCy 








Tjint^iliifii 

i <llllCULf.|ll 

(Ta) 


+5 


TaO^'^ (orthotanatalaie) 
TasOj (pentoxide) 
HTaOj (tantalic acid) 


species 








+7 


TaO/ (pentantalate) 
Ta207 (pertantalate) 
HTa04'H20 (pertanralic acid) 




VI 


A 


Sulfur (S) 


-16 


H2SO4 (sulfuric acid) 

HSO4' (bisulfate) 
804*^ (sulfate) 


1 6 Species/ +7, 
+8 Rnecie^ 








+7 


^^Oo'^ rdinerQiilfafe\ 












n20V5 ^IlOIIlUpvIoUIIUriC dCIU/ 








Seleiiiiiin 
(SO 


+6 


H->Se->0* fselenic acid^ 

HSCO4" (biseleuate) 
Se04*" (selenate) 


Species 








+7 


H2Se208 (perdiselenic acid) 








Tellurium 
(Te) 


+6 


H2Te04 (telluric acid) 

WTqOa (bitellurate) 
TcOf (tcllurate) 


+6 species/ +7 
species 








+7 


HaTcaOg (pcrditellcnic acid) 








Polonium 
(Po) 


+2 


Po^*^ (polonous) 


+2, +4 species/ 
+6 Species 








+4 


PoOV^ (polonate) 








+6 


P0O3 (peroxide) 
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GROUP 


SUB 
GROUP 


ELEMENT 


VALENCE 


SPECIES 


SPECIFIC 

REDOX 

COUPLES 


VI 


B 


Cluoniium 


+3 


Cr"^^ (chromic) 

CiOH^% CilOH):^ (chromyls) 

CiOa', CiO{^ (chromiles) 
Cr203 (cliromic oxide) 
^i\^jrij3 (^cnromic iivuroxiae^ 


+3 Species/ 
+4, +6 Species; 
+4 Species/ 
+6 Species 








+4 


C1O2 (dioxide) 
Cr(0H)4 (hydroxide) 










+6 


H2CK)4 (cluomic acid) 
HCrO^' (acid chromate) 
Ci04'* (chromate) 
CraO?"' (dicliromate) 








Molybdenum 
(Mo) 




HMoO/ (bimolybhate) 

Mo04*^ (molydbate) 
M0O5 (moiybdic trioxide) 
H2M0O4 (inolybolic acid) 


+6 Species/ 
+7 Species 








+7 


M0O4' (pennolybdate) 








Tungsten 
(W) 




W04'^ tungstic) 

WO3 (trioxide) 
H2WO4 (lungslic acid) 


+6 Species/ 
+8 Species 








+8 


WOs'^ (pcrtungstic) 
H2WO5 (pemmgstic acid) 




VU 


A 


CWorine(Cl) 


-1 


CI* (chloride) 


-1 Species/ +lj 
+3, +5, +7 
Species 








+1 


HCIO (hypochloious acid) 
CIO' (hypocWorite) 


+1 Species/ +3, 
+5. +7 Species; 
+3 Species/ 
+5, +7 Species; 








+3 


HCIO2 (chlorous acid) 
C102' (clilorite) 


+5 Species/ 








+5 


HClOa (chloric acid) 
CIO3" (cliloraie) 










+7 


HCIO4 (percWoric acid) 
C104\ HCIO5 '^ CIO5 -\ Cl209-^ 
(percliloraies) 
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GROUP 


SUB 
GROU 

p 


ELEMENT 


VALENCE 


SPECIES 


SPECIFIC 

REDOX 

COUPLES 


vn 


A 


Bromine (Br) 


-1 


Br (bromide) 


-1 Species/+1, 
+3, +5, +7 
Species; 








+1 


HBiO (hypobromous acid) 
BrO" rhvDobioiTiitee) 


+1 Species/+3, 
+5, +7 Species; 
+3 Soecie^/ +5 
+7 Species; 








+3 


HBrO: (bronious acid) 
Bi02' (broinite) 


+5 Species/ +7 
Species 








+5 


HBrOs (bfomic acid) 
B1O3* (biomate) 










+7 


HBrO^ (perbromic acid) 
BiO^', HBrOs"-, B1O5 ^ Br209*^ 
(prebromates) 








Iodine 


-1 


r (iodide) 


-I Species/+1, 
+3, +5, +7 
Species; 








+1 


HIO (hypoiodus acid) 
10" (hypoiodite) 


+1 Species/+3, 
+5, +7 Species; 
+3 Soecies/+5 
+7 Species; 








+3 


HIO2 (iodous acid) 
IO2' (iodile) 


+5 Species/ +7 
Species 










nnj3 uouic aciQ) 
103" (iodatc) 










+7 


HIO^ (periodic acid) 
104-, HIO5 I IO5*', I2O9 ' 
(pcriodatcs) 






B 


Manganese 
(Mn) 


+2 


Mn** (inanganeous) 
HMnOz' (diinaaganite) 


+2 Species/ +3, 
+4, +6, +7 
Species; 
+3 Species/ +4, 
-H), +7 Species; 








+3 


Mn**^ (manganic) 


4*4 Species/ +6, 
+7 Species; 








+4 


Mn02 (dioxide) 


+6 Species/ +7 
Species 








+6 


MnO/' (manganatc) 








+7 


MnO/ (permanganate) 
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GROUP 


SUB 
GROUP 


ELEMENT 


VALENCE 


SPECIES 


SPECIFIC 

REDOX 

COUPLES 


VUl 


Penoa 4 


lion (re) 


+2 


re (lenous) 
HFeOi ^dihvDoferrite) 


+2 opeciey+3. 

+4, +5, +6 
Species; 








+3 


Fe"^^ (ferric) 
Fe(OH)'-- 
Fe{OH)/ 
FeO^'^fferrite) 


+3 Species/+4, 
+5, +6 Species; 


YIII 


Period 4 


Iron (Fe) 


+4 


FeO^'(fen>'l) ' 
Fe02*^ (peiferrite) 


+4 Species/ 
+5, +6 Species; 
+5 Species/ 
+6 Species 








+5 


Fe02^ (perfenyl) 










+6 


FeO^'^ (ferrate) 








Cobalt (Co) 


+2 


Co"^ (cobalous) 
HCoOi" (dicobaltite) 


+2 Species/ 
+3, +4 Species; 
+3 Species/ 
+4 Species 








+3 


Co"^^ (cobaltic) 
C02O3 (cobaltic oxide) 










+4 


C0O2 (peroxide) 
H2C0O3 (cobaltic acid) 








Nickel (Ni) 


+2 


Ni^^ (nickelous) 
NiOfT 

HNiOz" (dinickelite) 
NiOz " (nickelile) 


+2 Species/ +3, 
+4 +6 Snecies' 
+3 Species/ 
+4, +6 Species; 
+4 Species/ 
+6 Species 








+3 


Ni^^ (nickelic) 
NisOs (nickelic oxide) 










+4 


Ni02 (peroxide) 










+6 


Ni04 ' (nickelate) 
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GROUP 


SUB 
GROUP 


ELEMENT 


VALENCE 


SPECIES 


SPECIFIC 

REDOX 

COUPLES 


vni 


Period 5 


Ruthenium 


+2 


Ru"^ 


4-2 Species/ +3, 
4-4 4-5 +6 4-7 
4-8 Species; 








+3 


Ru^^ 

RU2O3 (sesquioxide) 
Ru(0H)3 (hydroxide) 


4-3 Species/ 4-4, 
4-5, 4<S, +7, 4-8 
Species; 
4-4 Species/ 

4-5, 46, 4-7, 4-8 

Species; 

4-5 Species/ 46, 

4-7, 4-8 Species; 








+4 


Ru*"* (nithenic) 

RuO: (ruthenic dioxide) 

Ru(0H)4 (rutlienic hydroxide) 


46 Soecies/ 
4-7, 4-8 Species; 
+7 Species/ 
4-8 Species 








+5 


RU2O5 (pentoxide) 












Ru04"^ (ruthenale) 
RuOs"^- (niUiem 1) 
RUO3 (trioxide) 










+7 


rvUvy4 ^.pe^llUlCIldlCJ 










4-8 


H2RUO4 (hyperuthenic acid) 
HRuOs' (dipemithenate) 
RUO4 (rutiienium (etroxide) 








Rhodium 
(Rh) 


4-1 


Rh^ (hyporhodous) 


4-1 Species/+2, 
4-3, +4, 46 
Species; 








4-2 


Rh^- (rhodous) 


4-2 Species/ 4-3, 

4-4 -Hi ^fv*ri£*^" 








4-3 


Rli^' (rhodic) 
Rh203 (sesquioxide) 


4-3 Species/ 4-4, 
4-6 Species; 
4-4 Species/ 46 








4-4 


RhO: (rhodic oxide) 
Rh(0H)4 (hydroxide) 








4<3 


Rli04'* (liiodaie) 
RhOj (trioxide) 








Palladium 


4-2 


Pd (palladous) 
PdOV " (palladite) 


4-2 Species/ +3, 
4-4, 46 Species; 
4-3 Species/ 
4-4, +6 Species; 








4-3 


Pd203 (sesquioxide) 


4-4 Species/ 
t6 Species 








+4 


Pd O3 ' (palladaie) 
Pd02 (dioxide) 
Pd(0H)4 (hydroxide) 








46 


Pd03 (peroxide) 
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GROUP 


SUB 
GRO 
UP 


ELEMENT 


VALENCE 


SPECIES 


SPECIHC 

REDOX 

COUPLES 


vra 


Period 6 


Tridiiim (\r\ 


+3 


Ir*^-* firidic) 

Ir'tO's rifidiiiin cpcniiinvidf!^ 

Ir (0H)3 (indium hydroxide) 


+1 Snecie^ 
+4, +6 Species; 
+4 Species/ 
+6 Species 


+4 


IiO: (iridic oxide) 

Ir (0H)4 (iridic hydroxide) 




Ii04'^ (iridaie) 

I1O3 (iridium peroxide) 


Platinum 
(Pt) 


+2 


Pl^^Cplatinous) 


+2, +3 Species/ 
+4, +6 Species; 
+4 Species/ 
+6 Species 


+3 


PI2O3 (sesquioxide) 


+4 


PlO^^ (platii^'l) 
P1O2 (platonic oxide) 


niB 


Rare 
earths 


Cerium (Ce) 


+3 


Ce^^ (cerous) 
Ce203 (cerous oxide) 
CefOH^i f'cerous hvdroxide^ 


+3 Species/ 
+4, +6 Species: 
+4 Species/ 
+6 Species 


+4 


Ce^', Ce(OH)^^ Ce(0H)2'^\ 
Ce(0H)3^ (eerie) 
Ce02 (eerie oxide) 


+6 


Ce03 (peroxide) 


Praseodymiu 
in(Pr) 


+3 


Pr^^ (praseodymous) 

Pr203 (sesquioxide) 
Pr(OH)3 (hydroxide) 


+3 species/ +4 
species 


+4 


Pr^ (praseodymic) 
PrO: (dioxide) 




Neodymium 


+3 


Nd^^ 

NdjOs (sesquioxide) 


+3 Species/ +4 
Species 


+4 


NdOz (peroxide) 


Terbium (Tb) 


+3 


Tb203 (sesquioxide) 


+3 Species/ +4 
Species 


+4 


Tb02 (peroxide) 



81 



GROUP 


SUB 

GROU 

P 


ELEMENT 


VALENCE 


SPEGIE3 


SPECIFIC 

REDOX 

COUPLES 


niB 


Aciinid 
es 


Thorium (Th) 


+4 


Tl)"^' (thoric) 

TliO"^^ (Ihoryl) 
HThO/ (thorate) 


+4 Species/ +6 
Species 








-H3 


Th03 (acid peroxide) 








Uranium (U) 




U02^- (uranyl) 
UO3 (uianic oxide) 


-HS Species/ +8 
Species 








+8 


HUO5*, VOs'^ (peruianates) 
UO4 (peroxide) 








Neptunium 
(Np) 


+5 


Np02 (hyponeptunyl) 
NP2O5 (pentoxide) 


+5 Species/ +6, 
4^8 Species; 
+6 Species/ +8 
Species 








+6 


Np02^^ (neptunyi) 
Np03 (trioxide) 










+8 


Np04 (peroxide) 








Plutonium 


+3 


Pu (Iiypoplutonous) 


+3 Species/ -^4, 








+4 


Pu"^ (plutonous) 

PUO2 (dioxide) 


+4 Species/ +5, 

OpvVlVd, 

+5 Species/ -K> 
Species 








+5 


Pu02^ (hypoplutonyl) 
PU2O5 (pentoxide) 










+6 


PUO2 (plutonyl) 
PuOa (peroxide) 








Americium 
(Am) 


+3 


Am (hypoamcncious) 


+3 Species/ -i-4, 
-*-5, +6 Species; 








+4 


Ara^ (americous) 
AmOs (dioxide) 
Am(0H)4 (hydroxide) 


+4 Species/ +5, 
+6 Species; 
+5 Species/ +6 
Species 








+5 


Am02'*^ (hypoamericyl) 
Am205 (pentoxide) 










+6 


Am02^^ (americ>i) 
AmOi (peroxide) 
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Table II: Elements Participating as Heteroatoms in Heteropolyanion Complex Anion Redox 
Couple Mediators 









I 


A 


Lithium (Li), Sodium (Na), Potassium (K). and Cesium (Cs) 


B 


Copper (Cu), Silver (Ag), and Gold (Au) 


II 


A 


oeiyuium [pC), iviagnesium (.ivig^, L.aicium ^ca), oironuum yot)^ ana x^anuni {pa) 


B 


Zmc (Zn)» Caaimum (Cd), and Mercur>' (Hg) 


lU 


A 


Boron (B), and Aluminum (Al) 


B 


Scandmm (So), and Ylinum (Y) - (See Rare Earths) 


J V 


A 


Laroon (c), buicon (oi), uermamum vvje), iin (bn) ana Leaa (ro) 


p 
D 


Tttoniiitn /"T'i^ 7irCiM%iiitn (7r\ on/I UoFniiim /l-ir\ 

1 iiomum ^ 1 \)f Zdiivuniuiii v^r/. diKi riainium vni^ 


V 


A 


Nitrogen (N), Phosphorous (P), Arsenie (As), Antimony (Sb), and Bismuth (Hi) 


B 


Vanadium (V), Niobium (Nb), and Tantalum (Ta) 


VI 


■ A 


Sulfur (S), Selenium (Se), and Tellurium (Te) 


B 


Chromium (Cr), Molybdenum (Mo), and Tungsten (W) 


VII 


A 


Fluorine (F), Clilorinc (CI), Bromine (Br), and Iodine (I) 


B 


Manganese (Mn), Teclinetium (Tc), and Rlienium (Re) 


VIU 


Period 4 


Iron (Fe), Cobalt (Co), and Nickel (Ni) 


Period 5 


Ruthenium (Ru). Rhodium (RIi), and Palladium (Pd) 


Period 6 


Osmium (Os), Iridium (Ir), and Platinum (Pt) 


niB 


Rare Earths 


All 



further comprising additives disposed in the electrolyte for contributing to kinetics of the 
mediated electrochemical processes while keeping it from becoming directly involved in the 
oxidizing of the biological and organic waste materials, and stabilizer compounds disposed in the 
electrolyte for stabilizing higher oxidation state species of oxidized forms of the reversible redox 
couples used as the oxidizing species in the electrolyte, wherein the stabilizing compounds are 
tellurate or periodate ions. 

1 00. (Previously presented) The process of claim 96, wherein the mediator oxidizing 
species are simple ions redox couple mediators described in Table 1; Type I isopolyanions 
formed by Mo, W, V, Nb, Ta, or mixtures thereof 

101 . (Previously presented) The apparatus of claim 99, wherein an aqueous anolyte 
electrolyte solution comprises an alkaline solution for aiding decomposing the biological and 
organic waste materials, for absorbing CO2, for forming alkali metal bicarbonate/carbonate for 
circulating through the electrochemical cell, and for producing a percarbonate oxidizer. 
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1 02 (Previously presented) The apparatus of claim 99, further comprising an AC 
source for impression of an AC voltage upon a DC voltage to retard the formation of cell 
performance limiting surface films on the electrodes. 

103. (Previously presented) The apparatus of claim 99, wherein the power supply 
energizes an electrochemical cell at a potential level sufficient to form an oxidized form of a 
redox couple having the highest oxidation potential in an aqueous anolyte electrolyte solution, 
and further comprising a heat exchanger connected to an anolyte reaction chamber for 
controlling temperature between OX and slightly below the boiling temperature of an aqueous 
anolyte electrolyte solution before the aqueous anolyte electrolyte solution enters the 
electrochemical cell enhancing the generation of oxidized forms of the ion redox couple 
mediator, and adjusting the temperature of an aqueous anolyte electrolyte solution to the range 
between OX and slightiy below the boiling temperature when entering the anolyte reaction 
chamber. 

104. (Previously presented) The apparatus of claim 99, wherein the oxidizing species 
are one or more Type I isopolyanion complex anion redox couple mediators containing tungsten, 
molybdenum, vanadium, niobium, tantalum, or combinations thereof as addenda atoms in 

aqueous solution. 

105. (Previously presented) The apparatus of claim 99, further comprising an oflf-gas 
cleaning system, comprising scrubber/absorption columns connected to a vent, a condenser 
connected to an anolyte reaction chamber, whereby non-condensable incomplete oxidation 
products, low molecular weight organics and carbon monoxide are reduced to acceptable levels 
for atmospheric release by a gas cleaning system, and wherein an anolyte off-gas is contacted in 
an off-gas cleaning system wherein the noncondensibles from the condenser are introduced into 
the lower portion of the off-gas cleaning system through a flow distribution system and a small 
side stream of freshly oxidized aqueous anolyte electrolyte solution direct from an 
electrochemical cell is introduced into the upper portion of the column, resulting in a gas phase 
continuously reacting with the oxidizing mediator species as it rises up the column past the 
downflowing aqueous anolyte electrolyte solution, and external drain, for draining to an organic 
compound removal system and an inorganic compounds removal and treatment system, and for 
draining the anolyte system, wherein an organic compounds recovery system is used to recover 
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biological materials that are benign and do not need further treatment, and biological materials 
that will be used in the form they have been reduced. 

i 06. (Previously presented) The apparatus of claim 99, further comprising a thermal 
control unit connected to heat or cool an aqueous anolyte electrolyte solution to a selected 
temperature range when the aqueous anolyte electrolyte solution is circulated into an anolyte 
reaction chamber through the electrochemical cell by pump on the anode chamber side of the 
membrane, a flush for flushing an aqueous anolyte electrolyte solution, and a filter located at the 
base of the anolyte reaction chamber to limit the size of exiting solid particles to approximately 
1mm in diameter, further comprising a thermal control unit connected to heat or cool an aqueous 
catholyte electrolyte solution to a selected temperature range when the aqueous catholyte 
electrolyte solution is circulated into a catholyte reservoir through the electrochemical cell by 
pump on the cathode chamber side of the membrane. 

107. (Previously presented) The apparatus of claim 99, further comprising an aqueous 
anolyte electrolyte solution and an independent aqueous catholyte electrolyte solution 
containment boundary composed of materials resistant to the electrolyte selected from a group 
consisting of stainless steel, PTFE, PTFE lined tubing, glass and ceramics, or combinations 
thereof 

108. (Previously presented) The apparatus of claim 99, further comprising an off-gas 
cleaning system connected to a catholyte reservoir for cleaning gases before release into the 
atmosphere and an atmospheric vent connected to the off-gas cleaning system for releasing gases 
into the atmosphere, wherein cleaned gas from the ofF-gas cleaning system is combined with 
unreacted components of the air introduced into the system and discharged through the 
atmospheric vent. 

1 09. (Previously presented) The apparatus of claim 99, further comprising a screwed 
top on a catholyte reservoir to facilitate flushing out the catholyte reservoir, a mixer connected to 
the catholyte reservoir for stirring an aqueous catholyte electrolyte solution, a catholyte pump 
connected to the catholyte reservoir for circulating an aqueous catholyte electrolyte solution back 
to the electrochemical cell, a drain for draining an aqueous catholyte electrolyte solution, a flush 
for flushing the catholyte system, and an air sparge connected to the housing for introducing air 
into the catholyte reservoir, wherein an aqueous catholyte electrolyte solution is circulated by 
pump through an electrochemical cell on the cathode side of the membrane, and wherein contact 
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of oxidizing gas with an aqueous catholyte electrolyte solution is enhanced by promoting 
gas/liquid contact by mechanical and/or ultrasonic mixing. 

1 10. (Previously presented) The apparatus of claim 99, wherein an electrochemical cell 
is operated at high membrane current densities above about 0.5 amps/cm^ for increasing a rate of 
waste destruction, also results in increased mediator ion transport through a membrane into an 
aqueous catholyte electrolyte solution, and further comprising an anolyte recovery system 
positioned on the catholyte side, air sparging on the catholyte side to dilute and remove off-gas 
and hydrogen, wherein some mediator oxidizer ions cross the membrane and are removed 
through the anolyte recovery system to maintain process efficiency or cell operability. 
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